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ABSTRACT
Field work consisted of mapping and describing the Stormy 
Day mine in the Hooker mining district of Pershing County, Nevada, 
and a twelve square mile area surrounding the mines. The Stormy 
Day mine is a small contact metamorphic scheelite deposit, formed 
during the intrusion of Cretaceous granodiorite into Triassic- 
Jurassic limestone sediments. Mineral relationships in samples 
from the mines were used for comparison with experimental results 
to determine the geological applicability of laboratory work.
High pressure-temperature experiments were performed to in-
vestigate possible genetic relationships between scheelite and 
calcium silicate minerals in which scheelite was formed from a 
tungsten source (H^WO^, W0^t Na^WO^.SH^O, and Na^WO^) and several 
calcium silicates which are commonly associated with scheelite in 
tactite deposits. Calcium silicates used in experiments were wol- 
lastonite, sphene, diopside, hedenbergite, and plagioclase. Cal- 
cite was used as a calcium source in some experiments. Effects 
of high-CO^ environments were also investigated.
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INTRODUCTION
Scheelite (CaWO^) occurs in contact metamorphic deposits, peg 
matites, and in quartz veins. In the United States scheelite, the 
most abundant tungsten ore, is concentrated in three irregular 
north-south trending belts (Kerr, 19^6). The largest, the west-
ern-most belt (Figure 1 ), also contains the largest and greatest 
number of scheelite deposits.
In this belt scheelite occurs in all types of the above men-
tioned deposits, but principally in contact metamorphic or "tac- 
tite" deposits. The term "skarn" is also used for the same type 
of contact metamorphic products, but because this term was orig-
inally defined as the amphibole contact rock associated v;ith mag-
netite ore in Sweden (Park and MacDiarraid, 1970, p. 273), the 
more general term tactite will be used in describing the contact 
metamorphic scheelite deposits.)
A contact metamorphic deposit is formed by the metasomatic 
action of solutions migrating from a pluton into the country rock. 
The metasomatic solutions alter the country rock to produce the 
complex mineral assemblage which characterizes a tactite body. 
These solutions may also carry tungsten in various complex ionic 
forms which may then be precipitated as scheelite through reaction 
with appropriate calcium-bearing minerals. These minerals are the 
calcium silicates formed by metasomatism of calcium-rich country 
rock, most commonly limestone/dolomite.
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Figure l after  Kerr, 1946
3
In a tactite deposit scheelite is found associated with, and 
often in contact with, any of the following minerals: calcite, 
andalusite, grossularite-andradite garnet, epidote-clinozoisite, 
zoisite, idocrase, diopside-hedenbergite pyroxene, sphene, tremo- 
lite-actinolite, and hornblende. However, the most important schee-
lite associations in tactite deposits, either because of their con-
sistency of association and/or because of their possible chemical 
reaction relations in the formation of scheelite, are plagioclase, 
quarts, orthoclase-adularia, grossularite-andradite, phlogopite, 
wollastonite, and diopside-hedenbergite (Kerr, 19^6).
This study is an integration of both high pressure-temperature 
lab studies and field work to determine the geochemical relation-
ship of scheelite to several calcium silicate minerals it is com-
monly associated with. The minerals chosen for study in the labor-
atory were diopside, hedenbergite, sphene, wollastonite, and cal-
cic plagioclase (labradorite). Each mineral was combined with a 
source of tungsten WO^, Na2W0^*2H20, or h^WO^) and was
subjected to various temperatures and pressures considered, typical 
of tactite formation, to determine if scheelite could be formed 
from reaction of the mineral with the tungsten source. Calcite was 
also used in subsequent experiments.
Field work consisted of mapping, describing, and collecting and 
analysing samples of rock from an area which included a tactite 
zone with scheelite mineralization.
The field work will be described in PART I of this thesis, fol-
lowed by PART II: Experimental Work. The field study and petro-
graphic work on the tactite, and the laboratory experimental stud-
k
ies will then be integrated and compared to determine the geologic-
al applicability of the laboratory results.
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PAST I: THE STORMY DAY SCHEELITE DEPOSIT
General Geology
The area studied covers twelve square miles on the western 
flank of the Selenite Range (Pershing County, Nevada) in the N«
E. quarter of the Kumiva Peak fifteen minute quadrangle map (I96zi-), 
and Range 23 E, Township 30 N on the Lovelock 1:250,000 map.
The area is approximately ten miles south of Empire, Nevada (see 
Figure 2). The area covers a relatively low portion of the Selen-
ite Range between two prominent mountains - I,uxor Peak (elevation 
7^20 feet) on the north, and Kumiva Peak (elevation 8237 feet) on 
the south.
The area is about 93 miles northeast of Reno, Nevada. Access 
is provided by State Highway which is connected to Interstate 
Highway So. Several unimproved dirt roads run from State Highway 
3^ to the thesis area itself.
Altitudes in the thesis area range from about *f800 feet to 
7200 feet, a maximum relief of 2^00 feet. The Selenite Range here 
averages about 6800 feet in altitude (datum is mean sea level).
Much of the Selenite Range is covered by sagebrush and grasses 
and scattered scrub pines and junipers. Several small aspen groves 
grow in the valleys of permanent or intermittent streams. Fauna 
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and western big-eared bats which inhabit the mines of the area.
Outcrop exposure ranges from fair to good in most places, 
although talus c o m p l e t e l y  covers portions of the area at the foot 
of the mountains.
The Stormy Day (Thrasher) Mine is owned by Mrs. Thrasher of 
Gerlach, Nevada, and-.parts of the thesis area are owned by the 
Paschalls of Empire, and by the Cowels, A mining claim is cur- 
/ rently being worked by Mr. Harold Playford of Reno, Nevada.
Little information has been previously published in reference 
to this area. The Cordero Mining Company compiled diamond drill 
logs of the tactile zone and drafted several cross sections and 
diagrams of the zone (1957). Johnson (1958) published a study of 
exploration, development and costs of the Stormy Day Mine which 
included a very brief description of geologic relationships of the 
contact aone. A preliminary geologic map of Pershing County, 
Nevada, which includes this area was compiled by Tatlock (1969). 
Specimens for scheelite-powellite research were obtained from 
this area by Ksu and Galli (1973).
Approximately 35-^0 days were spent in the field mapping and 
collecting samples, both above and underground. Rocks from the 
surface and subsurface, including many samples from the tactite 
zone were analysed in over 70 thin sections and six polished sec-
tions. Further analysis was performed with x-ray diffraction and 
x-ray fluorescence. One assay for nickel content in one mine 
sample was carried out by M. P. Allen of the Nevada Mining Analyt-
ical Laboratory. A number of analyses for tungsten content of 
the intrusive rocks near the contact were also provided by Skyline
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Labs, Inc., Wheat Ridge, Colorado.
Stratigraphy and Lithology
The area under study lies within the Western Tungsten Belt 
described by Kerr (I9*f6). The zone of scheelite mineralization in 
the area studied is a more or less typical contact metasomatic 
tungsten deposit. The tactile zone occurs at the contact of Tri- 
assic-Jurassic sediments including limestones, shales, and quartz-
ites, with a Cretaceous pluton of granodioritic to quartz dioritic 
composition. The sediment-pluton contact relationship is not a 
roci' pendant structure as in most of the contact zones in the 
Sierra Nevada (Kistler, 1966, and Bateman, 1965). Instead, the 
contact is located on the margin of the pluton - beside, rather 
than on top of it.
The sediments, although much weathered, still show bedding 
which dips uniformly to the west at angles from 55° to almost 
vertical. Beds generally are concordant in relation to the sedi- 
ment-pluton contact, which also dips to the west at approximately 
65°~85°, or even near-vertical. The contact strikes generally 
north-south, as do the sedimentary beds.
West of the sedimentary beds and trending north-south (pos-
sibly following the range front fault or another zone of weakness) 
is a series of Tertiary volcanic rocks ranging in composition 
from olivine basalt through rhyolite. A few scattered outcrops 
of extrusives also crop out over portions of the pluton.
Little faulting is evident in the area although faulting can
9
in some places be inferred. Direct evidence of minor faulting is 
seen in one of the mines, as the sediment-pluton contact is off-
set by about six feet, and related shear planes are also seen. 
Indirect evidence suggests a fault following the trend of the ex- 
trusives, and a post-intrusive fault offsetting the Selenite Range 
near the southern border of the thesis area. Pre-intrusive fault-
ing can account for the present steep dip of the sediments, al-
though much of the deformation of the sediments is no doubt due to 
the force of the intrusion of the pluton evidenced by the sedi-
mentary strike and dip parallelling the strike and dip of the 
pluton-sediment contact and by deformation of the plutonic miner-
al grains near the contact. Undetermined amounts of slip along or 
near the contact have produced a few isolated minor zones of 
brecciation.
Sedimentary Rocks
The oldest rocks in the area, the Triassic-Jurassic sediments 
crop out in two small north-south trending belts west of and par-
allelling the Selenite Range. The two belts are separated by a 
westward extension of the intrusive, as seen on Plate 1.
The sediments are remnants of what must have been a much 
larger expanse of sediments, and are correlated with other such 
remnants of sediments and raetasediments throughout Pershing County 
(Tatlock, 1969), which comprise the uppermost division of the 
Triassic-Jurassic Winnemucca Sequance. (There is also a possible 
correlation with the Nightingale Sequence of Bonham and Papke,
10
19^9.)
As a broad description these sediments consist of limestones 
and shales. The rocks in the two belts in the thesis area are pro 
dominantly a dirty blue-gray, coarse-grained limestone. No fos-
sils were found in the sediments, therefore the Triassic-Jurassic 
age for the sediments as given in the preliminary map by Tatlock 
can not be proved or disproved.
In thin section the limestone consists almost entirely of 
somewhat rounded, recrystallized, medium-grained c-alcite. Very 
minor amounts of dolomite (probably less than one'percent) were 
detected by x-ray analysis, although pods of dolomite were sug-
gested to exist by the Cordero Mining Company in the cross sec-
tions based on drill logs. Minor amounts of graphite, appearing 
as hexagonal nonmagnetic platelets under high power, as well as 
detrital minerals including muscovite, rutile, quartz, magnetite, 
and secondary hematite are also present. The recrystallized cal- 
cite grains are elongate and show a slight grain allignment, ly-
ing parallel to subparallel to the bedding.
The origin of this texture is debatable, as it could have 
been caused by .an episode of regional metamorphism (Tatlock*s 
map lists schists as part of the same formation), or by heat and 
pressui-e provided by the intrusion of the pluton of the Selenite 
.Range. It is more likely that the alignment textures are the 
result of enhancement of relict bedding structures by intrusive 
pressure as suggested by Bateman (19&5)» since the alignment is 
not as pronounced as would be expected if the texture were 
regionally metamorphic in origin.
Very near the sediment-pluton contact the limestone is mar- 
blized and bleached, being coarsely crystalline and pure white in 
many limited areas as a result of thermal metamorphism having 
driven off the carbonaceous impurities. This marble often con-
tains large amounts of canary yellow idocrase, occurring as small 
grains dispersed throughout the marble or as thin veins averaging 
about three millimeters in width. In one location the idocrase is 
accompanied by small irregular patches of wollastonite. The mar- 
blized limestone will be discussed further, in relation to the 
tactite.
Occurring as layers and lenses within the blue-gray limestone 
is a very dark gray quartzose shale. Accessory amounts of cal- 
cite, rutile, epidote, and very fine-grained hexagonal plates of 
graphite (.responsible for the dark gray color) are dispersed 
throughout the shale. The graphite is aligned parallel to the 
crude slaty cleavage. The fine-grained quartz grains are inter-
locking and in some areas, especially near the pluton, are poly-
gonal as a result of thermal metamorphic recrystallization.
The shale is frequently penetrated by many thin veins of 
lighter, more coarsely crystalline quartz, the grains of which are 
also interlocking. The veins are generally parallel to the slaty 
cleavage- although some veins crosscut this feature.
From these sediments the banded hornfels and tactite were de-




Approximately two thirds of the rock outcrop in the area is 
composed of the plutonic rocks of the Selenite Range, These rocks 
form most of the Selenite Range proper, which rises steeply in the 
west and, east of the crest of the range, descends slightly to a 
rolling plateau interrupted by protrusions of granodiorite. From 
the plateau the range slopes gently eastward to the valley floor 
(see cross section B-B', Plate 2).
The bulk of this material is a low silica hornblende biotite 
granodiorite, in places grading into darker quartz diorite. The 
contacts between these two rock types are usually vague and grad-
ational, being sharp only along a portion of the contact between 
the Kqd and Kgd shown on Plate 1f In this location the contact is 
gradational between the two rock types over a distance of only two 
to three feet. No quarts diorite bodies other than Kqd were 
mapped due to their gradational boundaries and vague areal extent.
Small domes of quartz latite and flows of hornblende andesite 
(both to be discussed later) overlie limited areas of the pluton, 
and aplita veins cut it in places, but the pluton is essentially 
devoid of other large structures and differing rock types.
On a smaller scale, alignment of hornblende and biotite crys-
tals as well as straining of quartz and plagioclase is a common 
structure near the western pluton-limestone contact, indicating 
semi-solid movement of the pluton against the country rock. Sim-
ilar but much less intense foliation is only occasionally seen in 
the interior of the pluton.
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Granodiorite
In thin section the granodiorite (Kgd) has coarse-grained 
equigranular, hypidiomorphic-granular texture. This texture is 
ubiquitous throughout the pluton including the contact margin, 
where no decrease in grain size is noted. Mineralogically the 
granodiorite consists mainly of plagioclase which comprises about 
of the rock. The An content ranges from 33% to 36% and indi-
vidual crystals show only very slight normal zoning amounting to a 
few percent difference from core to rim. This uniformity indi-
cates a rather stable, consistent cooling history. Albite twin-
ning is most common, forming sharp, continuous lamellae except 
where strained. In the latter case, the twinning is often indis-
tinct and the lamellae normally curve and pinch out. Poikilitic 
inclusions of apatite and opaque material are common and are often 
arranged in zones.
Anhedral quarts comprises about 17%* occurring as irregular 
grains or as very small blebs in the rare zones of myrmekitic 
texture. Near the contact with the wall rock it is usually 
strained and exhibits undulatory extinction.
The most common mafic mineral is biotite (about 17% of the 
rock). It occurs most often as brown subhedral grains with ragged 
peripheries as seen in thin section. It occurs usually as a pri-
mary mineral bub a small portion is formed from biotitization of 
hornblende.
Hornblende makes up about 10% of the granodiorite and occurs 
as dark green subhedral grains often containing poikilitic inclu-
sions of apatite. Chlorite occurs as an alteration product of 
both biotite and hornblende, especially near the granodiorite- 
limestone contact, where H^O and other chemicals from the sedi-
ments have reacted with the minerals of the pluton.
Orthoclase makes up a relatively small proportion of the rock 
ranging from about 9% in granodiorite to almost none in the rock 
approaching quartz dioritic composition. Myrmekitic texture is 
occasionally seen where plagioclase and potassium feldspar are in 
contact.
Traces of sphene, apatite, zircon, epidote, and pyroxene (the 
latter a very small inclusion in hornblende) make up the accessory 
mineral content of the granodiorite.
The compositional variation of the rock types found within the 
"Kgd" designation is illustrated by analyses 1 and 2 in Table 1, 
obtained through x-ray fluorescence.. Analysis 1 is a granodiorite 
rather low in silica while analysis 2 is a quartz diorite which 
has essentially the same texture and grain size as the granodior-
ite. As mentioned previously, the contact between these two rock 
types is very vague and gradational.
Quartz Diorite Porphyry
The body designated specifically as quartz diorite (Kqd) in 
Plate 1 has a sharp contact a few feet wide with the adjacent 
granodiorite. The contact is characterized by relatively large 




TABLE 1 ROCK ANALYSES*
Analsis 1
f?
( f ) 4 5
Na 2 0 5*39 % 3.21% 3.78% 3.94% 3.26%
MgO 2.44 3.16 4.71 1.39 .76
A1,0, 16.80 16.20 17.23 17.10 16.57
Si02 63.00 58.60 57.10 64.10 69.60
k 2 0 2.76 1.25 1.22 2.52 2.96
CaO 4.36 7.02 7.01 3.34 .74
Ti02 .72 .34 .76 .59 .08
Fe2° 5 5.40 6.60 6.36 4.64 .8?
Total 98.87% 96.36%, 98.17% 97.62% 94.84%
Analysis 6 7 8 9 10
Na20 3.79% 3.05% 1.89% 3.86% 3.25%
MgO 6.34 4.76 1.10 1.90 3.24
AlpO., 19.75 16.35 17.00 15.75 16.88
Si0o 48.30 53.20 63.90 64.4o 58.00
KpO 1.21 1.78 8.52 2 .11 2.40
CaO 7.80 8.02 4.02 8.28 5.38
Ti° 2 .51 .51 .26 .54 .94
Fe2°3
9.80 8.60 1.68 4.20 5.88
Total 97.94% 96.27% 98.37% 101.04% 95.97%
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TABLE 1 (continued)




MgO 5.Vi 2.17 .92 .47
A12°3 17.21 15.34 9.62 9.80
Si02 55.20 V?. 6o 44.00 47.20
k2o 1 .6o .01 .02 .19
CaO 6.69 16.84 29.92 23.15
Ti02 .90 .46 .39 .18
Fe2°3
6.92 14.08 9.52 10.76
Total 97.87% 96.28% 94.57°% 92.10%
1: Sample 1; Granodiorite from a slightly weathered outcrop.
__Sample SDM 1a; Fresh quartz diorite from one of the mines in
the area. The sample was obtained near the contact and showed 
prominent grain alignment, but was unaltered.
'--Sample 14; Hornblende quartz diorite porphyry.
4: Sample 2; Hornblende andesite.
5: Sample 6 ; Quartz latite.
6: Sample 8; Augite olivine basalt.
7: Sample 30; Olivine basalt.
8: Sample SDM 6b; Altered bleached granodiorite, obtained at the
pluton-limestone contact.
9: Sample LSDM 2; Barren light colored granodiorite, similar to
Sample SDM 6b.
10: Sample SDU 6; Barren light colored granodiorite.
11: Sample SD4-10; Barren light colored granodiorite.
12: Sample SDU 2a; Dark green pyroxene-bearing portion of the
granodiorite. This rock contains scheelite and sulfides. 
Obtained from approximately four feet from the contact .
13: Sample LSDM 1; Dense pyroxene-garnet tactite.
14: Sample LSDM 4; Dense pyroxene-garnet tactite similar to 
Sample LSDM 1. *
* All values in TABLE 1 are given in weight percent. All iron 
was analysed as ferric iron. No analyses were made for MnO, F Qc f  
and H?0. 0
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This porphyritic hornblende quartz diorite, probably an 
earlier differentiate of the main body of the pluton, crops out as 
a satellite body on the margin of the rest of the main pluton.
This rock is noticeably darker than the rest of the pluton and on 
a hand sample scale has a much different texture also. The ground- 
mass is medium grained biotite, hornblende, quartz, and plagio- 
clase, with phenocrysts of hornblende and plagioclase in it. The 
phenocrysts of hornblende average 3 to 6 mm in length and the 
plagioclase phenocrysts are 2 to k mm in length.
Microscopically, the hornblende quartz diorite is composed 
mostly of plagioclase (approximately 56%). The plagioclase is 
much more strongly zoned than in the granodiorite body, v/ith the 
An content ranging from about 35% to W]°/o. The average anorthite 
content is An^Q. Poikilitic inclusions are common in the plagio-
clase, and are occasionally zoned. Rarely these inclusions are of 
pyroxene. A few of the plagioclase crystals are bent and strained 
resulting in pinching out of twin lamellae, but most crystals are 
unstrained.
Hornblende, the most common mafic constituent, makes up 17% 
of the quartz diorite. It forms subhedral to anhedral, light to 
dark green crystals. Included in these crystals can be biotite, 
plagioclase, apatite, and magnetite, giving the crystals a seive 
texture. Biotite (both primary and a product of biotitisation of 
hornblende), is almost as abundant as hornblende, comprising V+% 
of the total. It is also subhedral to anhedral and occasionally 
is partially altered to magnetite around the peripheries of cry-
stals. Both biotite and hornblende crystals exhibit glomero-
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porphyritic texture, and biotite is occasionally replaced by 
chlorite.
Quartz occurs as small irregular grains usually interstitial 
in relation to plagioclase and the mafics, and accounts for 12% 
of the total minerals. No potassium feldspar was seen in the 
hornblende quartz diorite.
Accessory minerals include apatite, chlorite, epidote (an 
alteration product of plagioclase), muscovite, augite, and mag-
netite.
The composition of the hornblende quartz diorite porphyry is 
given in analysis 3 in Table 1. This analysis is similar to 
sample SDM 1a which as mentioned before is one of the vaguely de-
fined quartz dioritic zones of the main body of the pluton. The 
two rocks, however, are quite dissimilar in texture and mineral 
proportions, SDM 1a being more similar in these respects to the 
granodiorite except for the notable lack of potassium feldspar - 
a characteristic identical with the hornblende quartz diorite por-
phyry.
No age dates are available at this time on these plutonic 
rocks. The Granite Range pluton, some twenty miles to the north, 
is the nearest plutonic body for which an age date is available.
A K/Ar date of 88.8 + 2.6 million years was obtained from biotite 
from this pluton (Schilling, 1971), hut as the relationship of 
the Granite Range pluton to the Selenite Range pluton is unknown, 
this date may have little significance for this area.
The Selenite Range pluton is considered Cretaceous - pos-
sibly Upper Cretaceous if the age of the Granite Range pluton has
19
any relevancy. This age is consistent with the preliminary map of 
Tatlock (1969).
Extrusive Igneous Rocks
A linear north-south trending assembly of diverse types of 
extrusive igneous rocks occurs along the western border of the 
thesis area. Other than a few small domes and flows outcropping 
over portions of the pluton, extrusives are confined to this 
western belt.
All extrusives are considered Tertiary. As yet no age dates 
have been obtained from these rocks, but a study of age relation-
ships as well as trace element studies to determine possible 
genetic relationships are possibilities for further research.
Rock types include, in order of deposition/extrusion: water- 
laid pyroclastic material, airfall and ashflow tuffs, hornblende 
andesite, volcanic mudflow (lahar), quartz latite, augite olivine 
basalt, and olivine basalt.
Waterlaid Pyroclastic Material
This pyroclastic material (Tw) outcrops in a small area as 
a blue-gray layered, slightly indurated, porous rock. It has 
the appearance in hand specimen of loosely consolidated sandstone. 
The bedding is nearly horizontal, dipping gently to the south.
Microscopically, the rock contains a considerable amount of 
brown glassy material. Plagioclase (An approximately 30%) makes
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up the largest proportion of crystalline material. It occurs as 
small randomly oriented laths with unstrained twin lamellae.
Many laths are euhedral although some are broken and anhedral. 
Other crystalline material includes minor amounts of augite and 
sericite.
The very small outcrop extent of this unit prevents positive 
correlation or inferences about relationships (if any) to other 
rocks in this area.
Airfall and Ashflow Tuffs
This unit (Tr), includes both a densely welded ashflow tuff 
and a porous, loosely consolidated airfall tuff. Both these units 
interfinger and may well be from the same source. Being strati- 
graphically younger than the previously described unit, it never-
theless appears to underlie most of the other rocks of this vol-
canic section of the thesis area. Its exposure ranges from good 
in the central part of the volcanic belt to poor farther south 
where it underlies the olivine basalt and is identified only as 
a vague exposure of whitish soil overlain by talus from the ba-
salt, and covered by grasses. Attitudes on this unit were im-
possible to obtain, but it appears to slope gently to the south-
west, an inference based on locations of outcrops.
The best-defined outcrop of airfall tuff occurs on a small 
hill near the flow of augite olivine basalt. It is a very porous, 
loosely consolidated mass of rice grain-sized rounded particles 
of white vitric ash in a finer grained matrix. These grains are
21
somewhat flattened due to settling and compaction.
The airfall tuff mostly contains glass, with a few broken, 
angular crystals of quarts, cristobalite, plagioclase, sanidine, 
biotite, sericite, and traces of opaques. This mineralogy is not 
changed in the welded portion of this unit. This rock, in con-
trast to the airfall tuff, is quite solid and non-porous, its 
most notable structure being very flattened pumice fragments 
showing partial devitrification.
In contrast to the large areal extent in other districts, 
airfall and welded ashflow tuffs in this area are quite small, 
and are found only as erosional remnants of what must have been 
a much larger airfall/ashflow sheet. It is possible that this 
tuff is related to widespread ashflow tuffs in northwestern Nev-
ada.
Hornblende Andesite
The southwestern corner of the thesis area is dominated by 
several reddish dome-shaped hills formed of hornblende andesite 
flows (Tha), containing hornblende phenocrysts ranging from 3 mm 
to about 1 cm in length. Outcrops are few, and the most common 
occurrence is a groundcover of loose fragments of andesite. How-
ever, good outcrops showing flow foliation and alignment of horn-
blende ohenocrysts do occur along a northwest trending dike ridge 
formed by differential weathering, which extends from the top to 
the base of the highest hill of this material. In places along 
this dike ridge a set of joints approximately perpendicular to
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the foliation attitude is observed. Elongated vescicles parallel 
to the foliation occur in some outcrops also.
In thin section the andesite consists of a groundmass of 
plagioclase ranging from felty to hyalopilitic in texture. In 
addition to plagioclase the groundmass also contains granular 
magnetite and fine-grained biotite. Phenocrysts consist of plag-
ioclase, hornblende, magnetite, biotite and minor secondary hema-
tite. Apatite is an accessory inclusion in plagioclase. The 
phenocrysts show flow alignment and laths in the groundmass show 
pilotaxitic texture.
Plagioclase, often occurring in glomeroporphyritic masses, 
has an An content of about kk% in unzoned crystals. Both oscil-
latory and normal zoning are common, the crystals normally zoned 
having cores of An^Q ^  and rims of An^Q.
Hornblende occurs as subhedral to anhedral crystals and is 
usually partially altered on the crystal peripheries to epidote. 
Biotitization of hornblende is another common form of alteration. 
Biotite itself is often altered to granular magnetite.
Two small flows of hornblende andesite also crop out over 
widely separated portions of the Selenite Range granodiorite.
In Table 1 is a chemical analysis of the hornblende andesite 
(analysis k ) .
Correlation is suggested with the Miocene Alta Formation of 




This lahar (Tl) comprises high and usually steep hills and 
some cliffs near the central area of the linear volcanic belt.
The groundmass appears reddish brown from a distance but actually 
is more red on closer inspection, but can vary to beige or a 
striking lavender color. This groundmass is glassy, and contains 
many lithic fragments.
There is a wide variety of these unoriented, non-sorted rock 
fragments. Angular to rounded, they range in size from a few 
inches to four or five feet in diameter. Most of these fragments 
are andesitic or basaltic, although there are a few pieces of 
welded tuff contained in the mudflow also. Minerals found in 
the andesite and basalt include plagioclase, oxyhornblende, 
magnetite, augite, hypersthene, biotite, and accessory apatite.
This lahar is approximately five hundred feet thick. As in 
the case of a tuff a lahar normally covers a much greater area 
and has a much more level topography than the few hills comprised 
of the mudflow in this area. This lahar, then, is an erosional 
remnant of a larger volcanic mudflow. From this relatively small 
outcrop, no source area is apparent for the lahar and the basalt 
and andesite lithic fragments contained in it, which have dif-
ferent mineralogies from other basalt and andesite found in this 
area. The lahar was possibly faulted down to its present position 
and in the process was also fragmented, so only tnis relatively 
small isolated remnant remains. Because of this rather enig-
matic occurrence, correlation is tentatively suggested with either
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the Alta Formation or more likely with the Pyramid Sequence (Bon-
ham and Papke, 1969), both of which contain mudflow breccias. The 
Pyramid Sequence is more widespread and is in closer proximity.
Quartz Latite
Occurring as domes and dikes, quartz latite (Tql) crops out 
in two separate localities in the linear volcanic belt, as well as 
in several places on the Selenite Range granodiorite. It ranges 
in color from buff to pale red on weathered surfaces and is usu-
ally buff to gray on fresh surfaces. This rock is structureless 
except for parting along flow laminations which occur in dike out-
crops.
Very fine-grained phenocrysts are only rarely seen without 
the aid of a handlens. Microscopically the quartz latite is holo- 
crystalline and consists almost entirely of a felty groundmass 
with a few slightly larger crystals of plagioclase, biotite, au- 
gite, quartz and granular magnetite. X-ray diffraction resolves 
this groundmass into sanidine and quartz. The quartz may be pre-
sent or absent depending on locality. Often the plagioclase phen-
ocrysts exhibit "belt buckle stucture", a morphology peculiar to 
subaqueous extrusions. The An content of these phenocrysts is 
approximately 30%.
The chemical composition of the quartz latite is given in an-
alysis 5 in Table 1. The analysis is near that of a dacite (Car-
michael, 1967), and the quartz latite is probably gradational into
dacite.
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This unit is tentatively correlated with rocks described as 
being of rhyodacitic composition of the Kate Peak Formation (Bon-
ham and Papke, 1969).
Augite Olivine Basalt
This unit (Tab) occurs as a small flow overlying part of the 
lahar and tuff units described above. Weathering to brownish red, 
the fine-grained rock is dark greenish black to black on fresh 
surfaces and is very similar in appearance to the youngest Ter-
tiary extrusive unit in the area, the olivine basalt (Tob), to be 
described below. There are also mineralogical and chemical simi-
larities between the two rocks, indicating they may be genetically 
related.
The augite olivine basalt flow shows no structures such as 
dikes or flow foliations and at the surface consists mainly of 
loose blocks, in contrast to the dikes and flow structures oc-
casionally seen in the olivine basalt.
Mineralogically the augite olivine basalt is a holocrystal-
line rock made up mostly of interlocking laths of plagioclase
(69% of the rock). The An content is about 55% and ranges from
about An,_„ to A n ^  in normally zones crystals. Slightly more 
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augite (12%) than olivine (9%) is contained in the rock. Augite 
exists both as tiny crystals and as large anhedral crystals show-
ing subophitic texture, as they partly envelope the plagioclase 
laths and are partially interstitial. The olivine occurs as small 
rounded grains partially or wholly altered to iddingsite. A few
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very small crystals of pigeonite (?) comprise a little more than 
r/o of the crystalline material. Magnetite (6%), biotite (2%), 
accessory apatite, and a trace of glass make up the rest of the 
essentially holocrystalline rock. The pigeonite, magnetite, 
smaller augite crystals, and biotite exhibit intergranular texture, 
occurring between the larger crystals of augite, olivine, and 
plagioclase. Intersertal chlorophaeite (?) is also present in 
accessory amounts, usually associated with augite.
Olivine Basalt
The olivine basalt (Tob) forms several rounded hills just 
north of the hornblende andesite. It overlies a portion of the 
airfall tuff, seen as white soil near the base of the western 
side of these hills.
The olivine basalt is also dark greenish black on fresh sur-
faces, weathering to red. It is locally vesciculated with the 
vescicles being occasionally elongated in the direction of flow. 
These flow structures are seen in close proximity to dikes.
In thin section the rock texture is different from the 
augite olivine basalt. The olivine basalt is intergranular to a 
much greater degree, with much more groundmass, whereas the au-
gite olivine basalt was more nearly equigranular by comparison.
The olivine basalt is intersertal to hyaloophitic, being composed 
of about 19% brown to black glass. Plagioclase laths in the 
groundmass show pilotaxitic texture.
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Plagioclase makes up about 61% of the rock. The An content 
is approximately 55/° and there is a wide range in normally zoned 
crystals; from about A n ^  to nearly An . Oscillatory zoning is 
also common. The larger plagioclase crystals usually contain 
abundant poikilitic inclusions of apatite and magnetite. Gome of 
these inclusions are zoned.
Olivine comprises 9% of the rock. It is also altered to id- 
dingsite, although less extensively than in the augite olivine 
basalt.
Augite, subhedral to anhedral, comprises about 2%, much less 
than in the augite olivine basalt. However some of the very small 
intergranular pyroxene tentatively identified as pigeonite (com-
prising about 7% of the total rock) may instead be augite. Some 
of the larger grains of augite show hourglass zoning, character-
istic of titanaugite.
Intergranular magnetite composes about 2% of the rock. It 
also occurs in reaction rims around augite and olivine. Apatite 
is an accessory inclusion in plagioclase, and there is also an 
accessory amount of chlorophaeite(?).
Analyses 6 and 7 in Table 1 show the differences and similar-
ities between the augite olivine basalt and the olivine basalt.
Differences in composition are relatively slight. Those 
worth noting are the differences in SiO^, K^O, Fe^O^,
and MgO. The analyses suggest that these rocks may be closely 
related and possibly originated from the same parent magma. The 
slightly greater amounts of SiC^ and K^O, and the lower amounts 
of Fe^Q^ and MgO in the olivine basalt suggest that is has dif-
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ferentiated from the parent magma to a greater degree than has 
the augite olivine basalt. The surprisingly large amount of 
aluminum contained in the augite olivine basalt, however, puts 
this basalt in the high-alumina basalt category, and this may 
argue against a common parent basalt for these two rocks (Kuno. 
1960).
The differences in textures between the two basalts reflects 
different cooling histories, the olivine basalt chilling more 
rapidly, as shown by its glassy groundmass as compared to the 
holocrystalline augite olivine basalt. The glassy groundmass in 
the olivine basalt contains the additional silica, as a lesser 
amount would be expected in this rock, rather than in the augite 
olivine basalt, if only mineralogies of the two rocks are con-
sidered.
These two basalts are the youngest of the Tertiary rocks in 
the thesis area. They can be broadly correlated with the wide-
spread olivine basalts occurring throughout Nevada, specifically 
the Tab, or, more likely, the Tba of Bonham and Papke (1969)*
Quaternary Alluvium
Much of the thesis area is covered v/ith thin to thick accumu-
lations of talus, gravel, sand, and soil. These are collectively 
termed Quaternary alluvium (Qal) and are selectively mapped only 
where so thick and/or extensive as to completely obscure outcrops
and field relations.
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It was necessary to infer many contacts because of the allu-
vium cover, but it is believed that these approximate contacts are 
generally correct. A large extent of the limestone deposits are 
covered by alluvium. Being relatively level-surfaced (compared to 
the general slope of the neighboring granodiorite) and situated at 
the foot of the mountains, the sediments are covered by talus and 
outwash. Alluvium also covers much of the relatively level pla-
teau of the central and eastern portion of the Selenite Range, 
with the granodiorite projecting in places through the alluvium 
as small knobs or large hills.
Just west of the thesis area, outwash from the Selenite Range 
covers any outcrops that may exist west of the extrusive belt, 
and slopes away from the mountains to the elongate north-south 
valley in which State Highway J>k lies.
Geologic Structure
The most prominent surface feature of the area is the massive 
granodiorite Selenite Range. Because of its steep western face 
and rather gentle eastern slope, a tilted fault block interpreta-
tion can be made for the origin of the mountains. However, little 
movement, along the pluton-sediraent contact is in evidence. Y/here 
the contact is seen in the underground workings there is little 
or no brecciation or other clastic features which would be expect-
ed along a fault.
From this lack of faulting evidence it seems likely that the 
plutonic body was emplaced against the sediments in a semi—solid
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state, as evidenced by the alignment of elongate crystals seen 
near the contact. Faulting along a range front fault west of the 
contact increased the altitude of the range. The limestone sedi-
ments were deformed plastically by the intruding pluton, and now 
dip steeply to the west approximately parallel to the attitude of 
the contact. It is not known if the sediments• dip decreases 
away from the contact.
Faults are not readily apparent, even with the aid of air 
photos. One small east-west strike-slip fault produces displace-
ment and breccia along a plane perpendicular to the trend of the 
pluton-sediment contact. The fault offsets both pluton and sedi-
ments and is seen in two of the mines, the two mines being approx-
imately in direct line vertically.
A major northeast-southwest left lateral strike-slip fault 
offsets the Selenite Range near the southern border of the area.
The fault is evidenced by the offset of the range as well as 
by a low pass through the range.
Another smaller strike-slip fault running northeast-south- 
west in the Selenite Range near the center of the area is in-
ferred, as well as a vague linear north-south feature running 
from the north to the central portions of the thesis area. The 
latter is possibly a normal fault, the west side downthrown in 
relation to the east, and may be the trace of a range front fault.
The linear arrangement of the extrusive rocks may have been 
affected by extrusion along a north-south zone of weakness such 
as a fault. No fault is apparent, since if in existence, it 
would be covered by the extrusives. The west—dipping trend O j.
some dikes in the southwest corner of the area may indicate ex-
trusion along a fault having the same general attitude of the 
sediment-pluton contact, and may thus be a structure related to 
stresses associated with the emplacement of the pluton.
An obvious structural problem is the emplacement of the 
lahar, and the ashflow and airfall tuffs. Both types of deposits 
are normally extensive in areal distribution, yet here only rem-
nants of these deposits are found in the midst of a pluton, sedi-
ments, and various extrusives. The tuffs are more extensive and 
present less of an enigma, but the lahar seems quite out of place. 
A possible explanation is that the existing remainder of the 
lahar was downdropped by faulting to its present position while 
the rest of the mudflow was eroded away. This faulting would 
also have downdropped part of the earlier-deposited tuffs and 
thus would also provide an explanation for their present position 
and extent.
Geologic History
During the Triassic and Lower and Middle Jurassic a shallow 
extension of the Pacific Ocean occupied central California and 
parts of Nevada, Idaho, Utah and Wyoming (Schuchert, 1910). This 
area covered by the extension of the ocean was considered a por-
tion of a "geosyncline" by Kay (1951). The area under study was 
submerged by this oceanic inlet and received extensive marine de-
posits consisting of limestones and mudstones.
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Uplift and consequent recession of the ocean during the Jur-
assic period resulted in a subaerial environment by late Uoper 
Jurassic time. The limey and silty sediments were partially 
removed by erosion during this time.
During Upper(?) Cretaceous time, a period characterized by 
widespread intrusions in California and Nevada, the intrusion of 
the Selenite Range granodiorite occurred. This intrusion uplift-
ed and deformed the remnants of the Triassic-Jurassic limestones 
and shales, resulting in their present steep dip, approximately 
parallel to the intrusive-sediment contact. Concomitant with the 
emplacement of the pluton, the sediments were thermally metamor-
phosed, producing the dark calcium silicate tactite and the banded 
hornfels. Scheelite mineralization in the tactite took place 
during or very soon after the formation of the calcium silicate 
minerals.
The Tertiary period was characterized by faulting and varied 
extrusive episodes which produced the north-south linear belt of 
assorted volcanics in the western portion of the area. The last 
of the volcanics to be extruded during the Tertiary were the 
augite-olivine and olivine basalts. Deposits of the Quaternary 
period were (and are being) produced by continued erosion of the 
landscape, forming large talus deposits in the mountains and wide-
spread sandy to silty alluvium in the lower areas.
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Tactite Zone and Scheelite Mineralization
As noted previously the intrusion of the granodiorite of the 
Selenite Range against the Triassic-Jurassic sediments has result-
ed in the formation of a calcium silicate tactite on the western 
flank of the range. Contact metamorphic effects such as recrys-
tallization of limestone are more extensive than the patchy, dis-
continuous tactite zone, as seen by the approximate surface ex-
tent of these effects on Plates 1 and 2. The actual width of the 
dense brownish red and dark green tactite is never more than a few 
tens of feet. This dense tactite occurs at the pluton-sediment 
contact or within a few feet of it.
On a broad scale the strike and dip of the sediment-pluton 
contact is parallel to the strike and dip of the bedding of the 
sediments, approximately north-south and 65° to 90°W, respective-
ly. Locally, however, there are embayments in both the wallrock 
and pluton, as well as long nearly linear contact geometries.
Bedding in the sediments near the contact is generally pre-
served, and in come areas is well preserved. Total obliteration 
of bedding occurs in some areas of tactite and marble formation. 
The beds are little disturbed by the intrusion of the granodiorite 
mass. With the exception of the beds being steeply tilted, there 
is no waviness or folding on a smaller scale. It is unknown 
whether or not the beds are less steeply tilted farther from the 
pluton. The sediments may have been either folded and bent by 
the intruding pluton, or may have been simply tilted to exhibit a
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uniform dip throughout. Lack of outcrop far from the contact pre-
vents the determination of the geometry, and even prevents the 
determination of the westward extension of the sediments.
Emplacement of the Pluton
Textures near the contact zone indicate that the granodiorite 
was emplaced in a semi-solid state to possibly a nearly solid 
state. Elongate mafic minerals, biotite and hornblende, show 
prominent plastic flow alignment in some places and in thin sec-
tion elongate plagioclase laths exhibit both alignment parallel 
to the mafic minerals and also show straining, bending, and pinch-
ing out of twin lamellae. Quartz, usually in rounded grains, is 
strained and displays undulatory extinction. Most if not all of 
the minerals near the pluton margin crystallized before the move-
ment of emplacement ceased. As noted above, flow alignment of 
crystals is also occasionally seen in the exposed surface of the 
interior of the pluton, although the structure is not as pro-
nounced as at the pluton borders. Therefore interior portions 
of the pluton must also have been partially solid during emplace-
ment .
Where observable the granodiorite-wall rock contact is sharp, 
ranging from a few inches to about two to four feet, which further 
supports the idea of nearly solid emplacement. There is little or 
no grain size change from the contact to the interior of the gran-
odiorite which indicates a slow, uniform cooling history. That 
the wallrock must have been heated so as not to produce a chilled
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zone at the periphery of the pluton is apparent. This suggests 
that emplacement of the pluton took place at a greater than usual 
depth, allowing uniform heating of the wall rocks shortly before 
actual emplacement.
Although the pluton was semi-solid at the time of emplace-
ment, solutions were expelled from it as all portions of the 
granodiorite gradually solidified. These solutions migrated into 
the adjacent sediments. The most notable evidence of this is the 
formation of the tactite and the accompanying mineralization.
The rather widespread existence of these solutions in the wall- 
rock is also indicated by quartz veins, aplite and granodiorite 
veins and sills, and granodiorite pods and lenses in the sediments 
beyond the tactite.
Contact Aureole
Marble: The most extensive rock type resulting from contact 
netamorphism is marble. Found anywhere from a few feet to over 
two hundred feet from the contact, it is generally a gray to 
bluish gray or v/hite medium- to coarse-grained rock. The finer- 
grained bluish or grayish marble occurs farthest from the contact, 
and the whitest, coarsest-grained marble is located nearest the 
contact. This color and grain size change is a manifestation of 
the degree of thermal metamorphism and recrystallization of the 
original limestone. The lighter coarser-grained varieties nearer 
the contact received more heat during emplacement of the pluton 
and thus were recrystallized to a greater extent. During recrys-
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tallization of the limestone the carbonaceous material was driver 
off, leaving a lighter bleached marble where more recrys'calliza- 
tion occurred.
In most areas the marble is essentially pure except for minor 
muscovite and carbonaceous material. Locally, however, the min-
eralogy indicates that the marble was derived from a siliceous 
limestone. Near the mouth of one adit at the 55/+0* level, blue- 
gray marble contains both idocrase and wollastonite. The idocrase 
occurs as greenish yellow to bright yellow isolated spots (about 
3 to k mm in diameter) and small stringers and veins throughout 
the marble. In thin section the idocrase is pale greenish yellow 
and occurs as irregular rounded anhedral grains and "blobs” be-
tween calcite grains. Wollastonite occurs as irregular elongate 
white masses and streaks which range from about .5 to 2.5 or 3 
cm in diameter. The larger masses often contain idocrase. The 
patchy distribution of these wollastonite masses reflects the 
uneven distribution of the original siliceous impurities in the 
limestone. The presence of wollastonite far from the contact 
(at a distance of over 70 feet) also implies a low P for thec°2
reaction
CaCO, + SiO.. = CaSiO + C0_3 2 5 2
to have proceeded to the right (Bowen, 19^0). At this distance 
temperatures would be much lower than the maximum of about 650 C 
(Krauskoph, 1957 and Kerrick, i960) which may have been attained 
at the contact itself. Therefore in order for wollastonite to 
have formed during contact metamorphism, C02 must have readily es-
caped from this particular ai'ea of the marble. Localized frac-
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turing may have facilitated the escape of the CO^. In all other 
areas observed wollastonite was not present, even in marble close 
to the contact, indicating that in these places, either the neces-
sary silica was absent or the PCQ was too high for the reaction 
to proceed. It is most likely that CO^ pressure was high as even 
if SiC^ were absent from the sediments, it would have been avail-
able from solutions from the pluton.
Layered Hornfels: In the zone of contact metamorphism the 
impure arkosic sandstones and pelitic sediments interbedded with 
the limestone has been thermally metamorphosed to a banded pelit-
ic hornfels. The fine banding (individual bands are usually a 
centimeter or less in thickness) is the result of thin composi-
tional layering in the original sediments.
The hornfels is light to dark gray or brown, and is stained 
by liraonite on weathered surfaces. It varies from compact to 
very fragile and loose (the more common texture) due to weather-
ing. Weathering also enhances the layered appearance, because 
the loose, weathered rock separates easily parallel to the bed-
ding. Thermally recrystallized biotite has grown parallel to the 
original layering and where abundant in layers it intensifies the 
layered effect and imparts a schistose texture to the hornfels.
Mineralogically the banded, or layered, hornfels is composed 
mostly of quartz, plagioclase and biotite. The relative amounts 
of these minerals vary from layer to layer - one layer may be 
composed almost entirely of biotite and quartz, and others may be 
mainly quartz and plagioclase, with either predominating. In 
some layers minerals which occur in accessory amounts in other
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parts of the hornfels can be dominant.
A wide variety of accessory minerals are present throughout 
the hornfels. These include diopside, sphene, idocrase, apatite, 
zoisite, cordj.erite, and scapolite. Diopside usually occurs as 
small rounded grains intergranular with larger more numerous 
minerals such as quartz and plagioclase. Sphene invariably occurs 
as subhedral to anhedral 'scattered grains which are slightly 
pleochroic from light tan to brown. Idocrase occurs as anhedral 
rounded or ragged grains showing anomalous blue and brown inter-
ference colors. Apatite occurs as round, anhedral grains scat-
tered throughout most compositional layers. Zoisite may either 
be accessory or dominant from layer to layer, and occurs as 
rounded or ragged anhedral crystals of high relief showing anom-
alous blue interference colors. Cordierite occurs as irregular 
anhedral grains with inclusions of biotite and local yellowish 
alteration rims. Scapolite occurs as anhedral grains \/hich are 
usually elongated, or as stringers of several grains touching 
end to end. Calcite, muscovite, rutile, magnetite, and chlorite 
(a secondary mineral from alteration of biotite) are all acces-
sory constituents. Rutile is especially uncommon.
A compositional layering sequence is given below which cor-
responds to Figure 3. The sequence illustrates typical dimensions 
of the layers as well as the marked changes in texture and miner-
alogy between layers.
Quartz, plagioclase, biotite layer: This layer contains 
mostly quartz, with lesser amounts of plagioclase and biotite. 
Accessory amounts of pyroxene occur here also as small rounded
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hi£h relief f^rsins with brilliant blue and red interference colors 
The plagioclase is very often untwinned. The relatively larget 
equigranular grains of this layer show very well the prominent 
polygonal texture, with many triple points. The biotite is often 
aligned semiparallel to the layering.
Scapolite, cordierite, pyroxene layer: This layer, stained 
lightly by hematite, contains large irregular grains of cordier-
ite which are often twinned, resembling plagioclase, but with the 
characteristic inclusions of biotite and other material. Scapo-
lite is found as long irregular grains with the same brilliant 
interference colors as pyroxene but has no observable cleavage, 
has low relief, and is uniaxial negative, thus definitely dis-
tinguishing it from pyroxene. Pyroxene often occurs in clusters 
of rounded crystals showing the prominent pyroxene cleavage. 
Accessory minerals in this layer include zoisite, biotite, sphene, 
and also small amounts of quartz and plagioclase.
Quartz layer: This layer consists almost entirely of quarts, 
with minor amounts of plagioclase, apatite, and pyroxene. The 
mineral grains of this layer are equigranular and very small as 
compared to the other layers. The mineral grains in this layer 
also show polygonal texture, although not as clearly as in the 
quartz, plagioclase, biotite layer.
Texturally, the interlocking and polygonal quartz and plagio-
clase grains are evidence of thermal metamorphism. Elongate bio-
tite grains which are aligned parallel to the banding appear to 
be the result of dynamic metamorphism, but the alignment is more 
likely due to original sedimentary textures and also to thermal
ko













Figure 3* Sketch of a thin section of banded hornfels showing
compositional layering. Field of view is approximate-
ly 10 mm in diameter.
metamorphic recrystallization and growth parallel to the original 
layering.
Because of the marked mineralogical differences between the 
adjacent thin layers, it is apparent that very little if any 
material was added to the rock during contact metamorphism. Had 
there been appreciable movement of material into and out of the 
rock by metasomatic fluids, a much more homogeneous hornfels would 
have been produced. Each layer essentially remained a closed 
system, and during thermal metamorphism, recrystallization of 
components produced an assemblage of minerals in each layer which 
was stable in the thermal metamorphic environment.
Metasomatic solutions, in fact, do not seem to have penetra-
ted more than a few tens of feet into the wall rock. Neither the 
marble nor the hornfels received or lost much material as a result 
of contact metasomatism by the granodiorite. Metasomatic solu-
tions added and carried off large amounts of material only very 
close to the contact itself, producing the dark dense tactite 
zone composed mainly of garnet of the grossularite-andradite 
series, and pyroxene of the diopside-hedenbergite series. This 
zone of extensive contact metasomatism will be discussed next.
distribution and Structure of the Tactite
Tactite, the dark, dense rock which in places is scheelite- 
bearing, occurs immediately adjacent to the contact between the 
granodiorite and the sediments. It ranges from dark reddish brown 
when composed mostly of garnet, to dark green when composed mainly
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of pyroxene. Usually the tactite is a mixture of garnet with var-
ying lesser amounts of pyroxene.
Tactite occurs as very irregular and discontinuous bodies at-
taining an approximate maximum thickness of about thirty feet, 
although this is an estimate only, and varies considerably. In 
some areas along the contact, tactite has not formed at all, as 
is especially the case along the contact between the pluton and 
the northern belt of sediments. There, metasomatism appears al-
most totally absent and the rocks consist of the thermally meta-
morphosed marble and banded hornfels described above.
Figure k is an idealized cross section of the tactite zone 
illustrating the typical irregular occurrences of the tactite 
bodies.
Only in one of the mines explored does the tactite (here, a 
thin planar body only five to ten feet wide) occur continuously 
for over 100 feet. This occurrence of tactite is also unique in 
that the ta.ctite appears to consist of a metasomatized zone of 
the pluton itself, as it contains much plagioclase and quartz, and 
also contains a large amount of dark green pyroxene and sulfides. 
It also contains a very regular zone of scheelite (see Figure 1̂ -). 
The significance of the occurrence of tactite both as regular and 
irregular zones will be discussed later.
By its usually discontinuous nature, the occurrence of tac-
tite suggests that fractures in the country rock channelled and 
directed solutions emanating from the pluton. This channelling 
localized formation of the tactite. The fractures were then most 
likely ’'overgrown*1 and effaced by continued tactite growth, with

the isolated tactite bodies as the only evidence of the previous 
existence of the fractures.
The tactite rock itself is very solid and dense and it, too, 
shows little evidence of fracturing. However, the patchy, separ-
ated zones of scheelite and other late-stage minerals such as 
pyrrhotite and chalcopyrite suggest that the mineralization was 
probably restricted by channels or small fracture zones within the 
tactite. These fractures would also have been obliterated by con-
tinued mineralization and/or tactite growth.
Two sets of fractures, then, possibly occurring at different 
times, are postulated for the occurrence of the tactite, and for 
the mineralization within the tactite.
The tactite does not exhibit any relict layering. The only 
structure discernible is that of the dark reddish brown garnet 
enclosing stringers and irregular patches of pyroxene. The ab-
sence of compositional layering such as found in the banded horn- 
fels adjacent to the tactite indicates that in the tactite itself, 
metasomatism was intense, resulting in a thorough compositional 
exchange in the rock. However, the intensity of metasomatism was 
not uniform throughout, as tactite is not found everywhere along 
the contact, as was indicated earlier. In places where tactite 
is absent there occur partially altered zones of sediments or 
granodiorite containing some of the minerals and textures of the 
original unaltered rock. Here, then, the introduction and re-
moval of materials was not great enough to completely alter the 
rock mineralogically or texturally.
The most complete tactite development (i. e. the most intense 
metasomatism) appears related, as suggested by Bateman (1965), to 
irregularities in the contact. Generally if the contact is nearly 
linear for about 30 feet or more, tactite development is incom-
plete or absent. The contact zone in the Thrasher mine, with the 
most extensive exploration in the area, is so irregular and the 
adjacent rocks are so completely altered that the exact contact 
can only be approximated. The largest masses of the dark brown 
and green garnet-pyroxene tactite in this mine have developed so 
thoroughly as to bear no mineralogic or textural similarities to 
the parent sedimentary rocks. It is in this tactite that the 
greatest quantity of scheelite is found in the district.
That metasomatism is more intense where the contact is irreg-
ular may be due to the fact that fractures in the country rock can 
be expected to be more numerous near the irregularities than along 
smooth undistorted portions of the contact. The metasomatic' solu-
tions, then, could more easily penetrate and alter the rock in 
these fracture zones. ‘
Mineralogy of the Rocks Along the Contact Zone
Two distinct types of altered granodiorite are recognisable 
at the contact. These are: 1) the dark green pyroxene scheelite 
bearing rock, and 2) a light colored barren rock. Where only 
minor alteration of granodiorite has taken place, the minerals 




The light colored rock is observed in all adits and is es-
pecially common across the contact from the garnet-pyroxene tac- 
tite. In hand specimen it is light gray to white with specks of 
light to dark green pyroxene. Small grains of sphene and minor 
amounts of altered hornblende are present in addition to the main 
constituents of plagioclase, potassium feldspar, quartz, and 
pyroxene.
In thin section plagioclase and potassium feldspar predom-
inate. Most grains are anhedral although a few are subhedral.
Both feldspars are altered - the potassium feldspar having a grit-
ty or cloudy appearance from kaolinitization and the plagioclase 
showing alteration ranging from slight to intense. Slightly 
altered plagioclase shows varying amounts of albitization with 
compositions ranging from An^  to A n ^  in the fresher grains.
Most plagioclase is more completely altered, with the twinning 
striations completely obliterated and the grains showing a mot-
tled extinction. Epidotization is evident in some of the more 
intensely altered grains. Myrmekitic texture is relatively com-
mon along plagioclase-potassium feldspar boundaries - a seldom- 
seen texture in the unaltered granodiorite. Quartz occurs as 
large anhedral grains and is unaltered, as is sphene which is 
relatively large and usually is subhedral to euhedral. Anhedral 
pyroxene of the diopside-hedenbergite series is widespread and is 
an alteration product of hornblende. This alteration could be 
accomplished by a lowering of pressure or a rise in temperature 
(Boyd, 1959), or more likely by metasomatic introduction of cal-
cium and possibly of magnesium from the country rocks. Accessory
minerals include muscovite, sericite, clinozoisite, apatite, and 
zircon. Veins of chalcopyrite and pyrrhotite may fill the frac-
tures in the rock.
Most crystals remaining from the original granodiorite show 
evidence of strain thought to be due to movement along the contact 
during emplacement of the pluton. Plagioclase twin lamellae are 
strained and discontinuous, and quarts shows undulatory extinction. 
In one sample is an interesting example of a light green chloriti- 
zed garnet(?) which has been rolled, as evidenced by the spiral-
like deformation of the crystal. Figure 5 shows the general min-
eralogy and texture of this rock.
The dark green pyroxene scheelite-bearing type of the al-
tered granodiorite occurs along a linear contact between the sed-
iments and the pluton. In contrast to the dark garnet-pyroxene 
tactite found across the contact from the light colored altered 
granodiorite discussed above, the sediments across the contact 
from this portion of the pluton are relatively unaltered. These 
sediments are not the carbonates associated with the garnet- 
pyroxene tactite, but instead are impervious and unreactive impure 
quartz-feldspar sandstones which have been metamorphosed to 
quartz-biotite banded hornfels.
The mineralogy of this dark green altered granodiorite is 
complex compared to that of its lighter counterpart. The most 
common minerals of this rock type are quartz, plagioclase, potas-
sium feldspar, sphene, and diopside (in a much larger amount than 
found in the light altered granodiorite). The plagioclase in this 
rock (approximately oligoclase in composition) also shows the same
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Figure 5. Photomicrograph in plane light of light colored altered 
granodiorite showing kaolinitisation, and crystals of 
sphene, pyroxene, plagioclase, and quartz. (Field of 
view is 3.38 mm across.)
alteration effects as in the lighter rock.
In contrast to the light colored altei'ed granodiorite, the 
dark green rock contains epidote, locally in large quantities, zo- 
isite, tremolite-actinoiite, calcite, sericite, and muscovite, 
and minor chlorite, and large crystals of apatite.
In addition, the rock is speckled by small veins and irreg-
ular small masses of sulfides, mostly pyrrhotite, with some 
chalcopyrite and trace amounts of sphalerite. The sulfides are 
distributed evenly throughout the rock between mineral grains, in 
contrast to the sulfides confined entirely to veins in the light 
colored altered granodiorite. This dark green altered granodi-
orite also contains a narrow (about one foot wide) zone of schee- 
lite mineralization parallel to the plane of the contact, and 
about *f-8 feet from it. The significance of this mineralization 
and the importance of the host rock and its relationship to the 
wall rock will be discussed later.
Garnet-Pyroxene Tactite
The mineralogy of this tactite is rather simple compared to 
that of the two types of metasomatized granodiorite. The tactite 
is composed almost entirely of garnet and less pyroxene, with all 
other minerals in almost accessory amounts. These minor minerals 
include calcite, sphene, quartz (usually as veins), clinozoisite, 
molybdenite (rare), and numerous other sulfides occurring almost 
always in veins. This tactite also contains scattered irregular 
zones of scheelite mineralization - some relatively rich (possibly 
3 percent).
The dark reddish brown garnet is pale pink or salmon color in 
thin section (see Figure 6). It is subhedral to ankedral and is 
isotropic except for inclusions of quartz and calcite, and rare 
twinning which produces a slight anisotropy in some crystals..
The physical properties of the garnet are as follows:
nD = 1.777
a = 11.8733 S (calculated from d = 1.9262 of 
o
x-ray diffraction peak (622, 532)) 
(n.r̂ is the refractive index measured in sodium light, and a^ is 
the unit cell dimension.) The density was not obtained due to the 
intimate mixture of garnet and pyroxene and the inclusions in the 
garnet. An approximate garnet composition of Gross
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Figure 6. Photomicrograph showing garnet and pyroxene with minor 
calcite, quartz, and opaques in plane light. (Field 
of view is 3*38 mm across.)
Almg was obtained using the diagram of Winchell (1958) and the 
above values. The garnet varies only slightly in color, being 
slightly lighter brown in areas farther from the contact where 
metasomatism was less intense.
The pyroxene is of the diopside-hedenbergite series:
Ca(Mg, Fe^i^Og. Nearly all the pyroxene is dark green and is 
found in the dark garnet-pyroxene tactite very near the contact. 
Refractive indices vary over a wide range but indicate that the 
dark green pyroxene contains as much as 70 to 80 percent of the 
hedenbergite molecule (Deer, Howie, and Zussraan, 1966; Hess, 19^9). 
An exceptional occurrence of pyroxene is with lighter brown garnet
5 1
in 3. sma.ll barren body of tactite far from the main contact zone 
but adjacent to a sill of granodiorite enclosed by metasediments. 
Here the pyroxene is white to pale green and contains only about 
30-k0% of the hedenbergite molecule. In this occurrence there was 
little metasomatism from the small extension of the pluton, and 
thus little iron or other oxides were introduced into the wallrock. 
Therefore a smaller tactite body and a low-iron pyroxene were 
formed. Although an analysis of the accompanying garnet was not 
made it can be assumed that the garnet was richer in grossularite 
and poorer in the andradite and almandine end members.
In several places the dark garnet-pyroxene tactite has been 
silicified. The resulting zones of silicification are composed 
almost entirely of clear vein quartz enclosing single grains and 
stringers of dark green hedenbergite-rich pyroxene. These silici-
fied zones were produced by silica-rich fluids introduced into 
portions of the tactite through fractures, as evidenced by their 
restricted and veinlike extent and form.
Sulfides occur usually as small veins and rarely as isolated 
particles in the garnet-pyroxene tactite. They are composed of 
pyrrhotite with smaller amounts of chalcopyrite. Exsolving in 
places from the pyrrhotite are marcasite and pentlandite,
(Fe, Ni)^Sg. A spectroscopic analysis of the vein and surrounding 
tactite by M. P. Allen of the Nevada Mining Analytical Laboratory 
showed a nickel content of 77 ppro. Small amounts of pentlandite 
occur in pyrrhotite in some other parts of the contact area but 
in general it is of minor importance.
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Contact Metasomatism
Contact metasomatism is defined as the introduction and re-
moval of material by magmatic gasses, solutions, or molten rock 
and results in changes both in the mineralogy and the chemistry 
of the rocKS affected (Rankama and Sanama, 19̂ ?0). More generally 
stated, it is intense metamorphism (Korzhinskii, I S S k ) which is 
capable of changing the bulk composition of solid rock (Ramberg, 
1952).
Contact metasomatism differs from contact metamorphism in 
that the latter implies only mineralogic and textural changes due 
to an increase in temperature, not bulk chemical changes resulting 
from addition and subtraction of material. Contact metamorphism 
is therefore a closed system concept while contact metasomatism 
denotes an open system and as noted in the definition of contact 
metasomatism, it is simply a more intense metamorphism.
In the contact zone of this area, rocks generally farther 
from the contact show only contact metamorphic effects, such as 
changes in grain size. Those closer, in particular the tactite 
zone and the zone of altered granodiorite at the contact, show 
extreme compositional alteration (contact metasoraatic effects).




ihe exchange of chemicals between intrusive and wallrock ef-
fected by metasomatism is an extremely complex process in this 
contact zone* Significant variations in both kinds and amounts 
of materials interchanged appear over relatively short distances. 
This variation is demonstrated by the diversity of altered rock 
types at the contact zone as discussed above* Because of this 
extreme variation it is difficult to quantify the addition and 
removal of material from the different rock types affected by 
metasomatism, and it may be misleading to attempt to assess the 
total amount of material transferred overall. To avoid what may 
be wrong assumptions about constancy of volume during formation 
of tactite from the sediments or the plutonic rock, only a qualita-
tive description of chemical exchanges will be given.
In Table 1 analyses were given of granodiorite and quartz 
diorite (analyses 1 and 2) from the unaltered pluton. In compar-
ing those analyses with several samples of altered plutonic rock 
at the contact (it is impossible to tell if they were derived from 
granodiorite or quartz diorite), the plutonic rock’s gains and 
losses are apparent. Analyses 8 through 11 are all of the barren 
light colored altei'ed pluton.
Based on both mineralogy and chemical analyses the most not-
able differences between the altered and unaltered rocks is the 
consistent gain in calcium from the sediments by the plutonic 
rocks during metasomatism. Iron is generally lost to the sedi-




The five calcium silicate minerals used in experiments were 
wollastonite, sphene, diopside, hedenbergite, and calcic plagic- 
clase (labradorite). The wollastonite, sphene, and labradorite 
are natural minerals and were purchased through David New Minerals 
of Providence, Utah. Diopside was from an analysed natural sample 
from Pennsylvania State University. Hedenbergite was synthesized 
in the laboratory from an oxide mix of the appropriate composition 
(see Appendix 3)* In some of the experiments calcite from the 
Mackay School of Mines working museum was used. In addition, 
scheelite, in the form of a pure sample obtained from Dr. L„ C. 
Hsu, and a chemically precipitated sample (see Appendix 3) was 
also used.
The sample of wollastonite was a large mass of white fibrous 
crystals which also contained a small amount of brown grossularite 
and green pyroxene.
The sample was broken up with a hammer. Small pieces were 
selected and crushed and any garnet or pyroxene in these small 
pieces was chipped away. The pure pieces of wollastonite were 
then crushed to a powder, seived through -200 mesh, washed, dried, 
and run through a Frants Isodynamic magnetic separator to remove 
any pyroxene or other impurities still present. The powder was 




The live calcium silicate minerals used in experiments were 
wollastonite, sphene, diopside, hedenbergite, and calcic plagic- 
clase (labradorite). The wollastonite, sphene, and labradorite 
are natural minerals and were purchased through David New Minerals 
of Providence, Utah. Diopside was from an analysed natural sample 
from Pennsylvania State University. Hedenbergite was synthesized 
in the laboratory from an oxide mix of the appropriate composition 
(see Appendix 3)- In some of the experiments calcite from the 
Mackay School of Mines working museum was used. In addition, 
scheelite, in the form of a pure sample obtained from Dr. L. C, 
Hsu, and a chemically precipitated sample (see Appendix 3) was 
also used.
The sample of wollastonite was a large mass of white fibrous 
crystals which also contained a small amount of brown grossularite 
and green pyroxene.
The sample was broken up 'with a hammer. Small pieces were 
selected and crushed and any garnet or pyroxene in these small 
pieces was chipped away. The pure pieces of wollastonite were 
then crushed to a powder, seived through -200 mesh, washed, dried, 
and run through a Frantz Isodynamic magnetic separator to remove 
any pyroxene or other impurities still present. The powder was 
then x-rayed and studied microscopically to confirm purity.
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As can be seen by analyses 15 and 1 if in Table 1, which are of 
the mere common garnet-pyroxene tactite, metasomatism of the car-
bonate sediments is much different from metasomatism of the plu- 
ton. The amount of CaO contained in these rocks is much larger 
than in regular standards of x-ray fluorescence, so artificial 
standards were made up for these analyses. (See Appendix 1.)
Material gained by the calcareous sediments includes a large 
amount of silica, iron, and alumina, with negligible amounts of 
magnesium oxide. These oxides have combined with the existing 
calcium to form the predominantly garnet-pyroxene rock. That 
these oxides have not been introduced in the same amounts every- 
tfhere is shown by the widely variable iron contents of both garnet 
and pyroxene in separate tactite bodies. No doubt a small amount 
of all of these oxides was already present in the original "dirty" 
limestone, with original silica content being high (10-20%) where 
detrital quartz grains were locally abundant.
Losses of material from the sediments during metasomatism in-
clude large amounts of CaO and CO^* CO., was evolved by decarbon- 
ation reactions within the limestone during the formation of cal-
cium silicates. While most of the CO., was driven off, some of the 
liberated CaO diffused into the granodiorite in a process termed 
"bimetasomatism" (diffusion in both directions across a contact). 
Introduction of calcium into the granodiorite produced calcium 
silicates such as tremolite-actinolite and calcic pyroxene in the 
altered granodiorite, as well as producing small amounts of cal-
cite.
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In silicified "Onss of the tactite containing mainly quarts 
and pyroxene, alumina must have been removed by the silica-rich 
fluids, as garnet is completely absent from these zones*
Introduction of Tungsten
In the middle and late stages of tactite formation tungsten 
was metasomatically introduced and combined with calcium to form 
scheelite in irregular zones scattered throughout the tactite.
(The term "tactite" here includes the much-altered granodiorite 
which contains scheelite, as well as the garnet-pyroxene tactite.)
How tungsten is transported by a metasomatic solution is un-
certain. Barabanov (1971) suggests that between pH's of 6 to 8 
(the range in which most metasomatic fluids are considered to be) 
the following equilibrium conditions exist:
6(W0Zf)-2 + 7H+.= 6 K ( \ I 0 ^ ) ~ + H+, and 6H(W0if)~ + H* = (HWg02 + 
3K20.
Other factors such as CO^ concentration and temperature no 
doubt affect the ions that transport tungsten, but it can be said 
in general that tungsten is transported by a number of complex 
ions. These complex ions, being large, are able to diffuse only 
with difficulty through most of the already-formed or forming 
tactite. The occurrence of scheelite in zones in the tactite 
suggests a very restrictive structural control of mineralization, 
the most logical being channelling of solutions through fractures. 
Although nearly all the scheelite occurs as small anhedral grains 
scattered randomly in three dimensions throughout a zone, some
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scheelite is found as a thin coating along fractures. As stated 
earlier, most fractures may have been obliterated by subsequent 
tactite growth, scheelite occurs as relatively large (0.5 to 1 
cm in diameter) euhedral crystals in the only shear zone observed 
in the mines, illustrating the ease of diffusion of the complex 
ions through this porous, loose rock, as opposed to the usual 
dense tactite.
Formation of Scheelite in Calcium Silicate Tactite
The formation of scheelite involves the precipitation of 
tungsten from the metasomatic solution by combination of the com-
plex tungsten ions with calcium. Petrographic evidence suggests 
that this calcium source can be any of several calcium silicate 
minerals. This conclusion is in conflict with Bateman (1965, 
p. 13**— 135) who suggests that the reason for the absence of 
scheelite in quartz veins in tactite and granodiorite is the lack 
of calcium which is "bound in silicate minerals and was not avail-
able to form scheelite."
Figure 7 shows an irregular grain of scheelite in contact 
with sulfides (a common occurrence, which suggests tungsten may 
have been transported in the same late stage solutions which car-
ried sulfur, iron and nickel which produced the sulfides) and sur-
rounded almost completely by pyroxene of the diopside-hedenbergite 
series. Pyroxene is the calcium silicate mineral most commonly 
associated with scheelite, and this in part justifies the conclu-
sion that scheelite can form from calcium liberated by decomposi—
Figure 7. Photomicrograph of scheelite (high relief) in contact
with sulfides and diopside-hedenbergite. Sphene and 
plagioclase are also present. (Field of view is 3.38 
mm across.)
Figure 8. Photomicrograph of scheelite with inclusions of pyrox-
ene. Pyroxene and plagioclase are in external contact. 
(Field of view is 2.68 mm across.)
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tion of pyroxene. However, as seen in Figures 8 and 9, scheelite 
often not only is in direct external contact with pyroxene, but 
contains inclusions of the latter also. These and similar occur-
rences indicate that scheelite formed during and after the forma-
tion of pyroxene. In the former case calcium which combined with 
tungsten to form scheelite may have already existed in the solu-
tion, while in the latter calcium may have come directly from the 
decomposition of pyroxene. Products of such a reaction, as indi-
cated by lab results to be discussed later, could be scheelite 
plus an iron-magnesium silicate, and iron silicate, or a magnesium 
silicate depending on original pyroxene composition. In the 
presence of excess calcium, the calcium-magnesium amphibole trerao- 
lite-actinolite may be one of the products.
In thin section tremolite-actinolite (not talc, as was the 
product of experiments) is seen in close proximity to pyroxene- 
scheelite contact relationships. This supports the possibility 
of a reaction involving diopside-hedenbergite to produce scheelite. 
An example of the tremolite-actinolite found near the pyroxene- 
scheelite contacts is shown in Figure 10.
Figures 11 and 12 illustrate another common occurrence of 
scheelite in contact with sphene. This association is noteworthy 
because sphene is not as common as pyroxene, yet where sphene is 
found, scheelite is often also present. If not in actual contact, 
it is usually close by (on the order of a few mm). As indicated 
by laboratory work scheelite can form from the breakdown of sphene, 
with anatase or rutile and silica as the other products, but tex-
tural evidence indicates this does not happen in nature. xhe
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Figure 9. Photomicrograph of Scheelite (speckled, with low biref-
ringence) in external contact with pyroxene and also 
with inclusions of pyroxene. (Field of view is 2.68 
mm across.)
Figure 10. Photomicrograph shewing tremolite-actinolite, calcite, 
and pyroxene which was located near scheelite-pyroxene 
contacts in the altered portion of the pluton which 
contained scheelite. (Field of view is .89 mm across.)
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sphene in contact with and included in scheelite is still euhedral 
or subhedral, and shows no sign of reaction, Sphene, however, 
may provide a nucleation site for scheelite.
In Eigureo 12 and 13 scheelice is seen to he in contact with 
plagioclase. Liberation of calcium from plagioclase to precipi-
tate scheelite will produce a more sodic member of the plagioclase 
series, according to experimental results. This reaction does not 
involve the destruction of the original plagioclase structure, and 
as seen in Figures 12 and especially 13, the plagioclase appears 
fresh and unaltered, and the scheelite-plagioclase contact is 
sharp. Where scheelite was found in contact with plagioclase, the 
An content of the plagioclase was usually found to be slightly low-
er than in unaltered granodiorite, and while the amount of calcium 
that is indicated as being lost by the lower An content would not 
be enough to produce the amount of scheelite present, the reaction 
with plagioclase does appear to proceed, and to provide at least 
some of the calcium necessary for the formation of scheelite.
Scheelite forming from the calcium liberated from garnet is 
also a possibility, especially when most scheelite occurs in the 
garnet-pyroxene tactile. Because of the variable composition of 
garnet, such a reaction would be very complex, but would most like-
ly produce scheelite and a garnet lower in calcium such as alinan— 
dine or andradite, depending on the original composition of the gar-
net. The reaction could also produce zoisite or epidote, which 
v/as occasionally observed in thin section in contact with garnet.
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Figure 11. Photomicrograph of scheelite (large low birefringant 
grain) with inclusions of sphene, pyroxene, and cal- 
cite, with sphene also in external contact. (Field of 
view is 3*38 mm.)
Figure 12. Photomicrograph of scheelite with subhedral grain of 
sphene included. Pyroxene and plagioclase are in ex-
ternal contact. (Field of view is .89 mm.)
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Figure 13- Photomicrograph of scheelite in contact with plagio- 
clase and pyroxene. Note the bent twin lamellae of 
plagioclase, possibly produced by growth pressure from 
the adjacent scheelite. (Field of view is 3^38 mm.)
Discussion
It appears that the basic factor controlling the extent and 
shape of both tactite and mineralization zone in the Stormy Day 
mining area is the rock type. Two types of tactite occur here.
One is the widespread irregular garnet-pyroxene tactite derived 
from calcareous sediments, which is associated with irregular con-
tacts and irregular zones of scheelite. The other is the pyroxene 
tactite derived from the intruding granodiorite itself.
The irregular garnet-pyroxene tactite is bounded on one side 
by coarse-grained marble or loose, porous siliceous banded horn-
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fels, and on the other (across the contact) by the bleached, bar-
ren altered granodiorite which contains scattered grains of snhene 
and pyroxene. The irregularities in the contact associated with 
this type of tactite are thought by Bateman (1965) to be loci for 
fractures and thus a channel for alteration of wallrocks and for 
mineralization. Because the rock intruded in these areas was a 
reactive, easily-fractured limestone (with small amounts of dolo-
mite), fracturing and irregular contacts would indeed be expected. 
The ease of fracturing of the limestone would contribute to the 
localization and irregular form of the tactite, and ease of reac-
tion would result in a complete tranformation of parts of the 
marble to calcium silicates. The ease of flow and ease of reac-
tivity of solutions leaving the pluton and diffusing into the sed-
iments left the adjacent plutonic rock bleached and altered in ap-
pearance, and often very low in iron and other chemicals which 
diffused out into the sediments.
Zones of scheelite in the garnet-pyroxene tactite are scat-
tered in occurrence and irregular in form. This, as was discussed 
briefly before, is probably due to fracture zones which were orig-
inally in the limestone and were still in existence in the tactite 
during mineralization.
Along the contact where the pluton is adjacent to the unreac- 
tive impervious quartz-feldspar banded hornfels the tactite is in 
the plutonic rock itself and is regular in occurrence. It paral-
lels the contact closely and varies from about 5 to 10(?) feet in 
thickness. The banded hornfels has been tilted so the layers are 
also parallel to the attitude of the contact (north—south strike
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and about 75-85° dip). See Figure 1-'+. This rock, being both un- 
reactive and impermeable, acts as an effective barrier to solutions 
diffusing out of the pluton. There is no evidence of fracture 
control in the formation of tactite here. The controlling factor 
here is the bedding of the impermeable banded hornfels which con-
trols the shape of the contact and the shape of the tactite.
Solutions emanating from the pluton were effectively trapped 
at the contact and were for the most part prevented from escaping 
from the granodiorite. As a result, the mineralogy of the enclos-
ing banded hornfels was little affected, while the granodiorite 
was intensely metasomatized by its own solutions, pooled along the 
contact (autonetasomatism). Only minor bimetasoraatism took place 
between the pluton and the banded hornfels, and the sediments ad-
ded mainly calcium to the granodiorite.
The large complex tungsten ions were also trapped in this 
narrow zone along the contact and were removed from solution by 
combination with calcium, partly supplied by pyroxene and plagio- 
clase. Because there were no fractures through which the tung-
sten ions might pass, scheelite mineralization was confined to a 
thin (0.5 to 1 .5 foot wide) planar zone which parallels the con-
tact. This zone is a few feet from the contact and is contained 
in the altered granodiorite.
Given a -source of calcium in an area of contact metaraorphism 
and metasomatism, the other material needed for the formation of 
scheelite is a source of tungsten. The distribution of tungsten 
in both altered and unaltered portions of the plutonic rock near 
the contact was investigated through tungsten analyses by Skyline
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Labs, Inc. (see Appendix 2). The results show that tungsten can 
be distributed rather unevenly throughout the pluton, as the tung-
sten content of altered rock along the linear contact, described 
above (where the distribution of scheelite was very regular) 
ranged from k ppm to 12 ppm. Tungsten content of other altered 
plutonic samples across the contact from garnet—pyroxene tactite 
were generally low (in the range of 5 to 8 ppm). However, an 
analysis of 15 ppm was obtained from a relatively unaltered rock 
adjacent to the light brown garnet, high-diopside pyroxene tactite 
mentioned earlier. This tactite contained no scheelite, and the 
probable reason for its absence, in view of the availability of 
both calcium and tungsten, is that this portion of the pluton (a 
50 foot-thick sill of granodiorite) did not contain enough fluids 
to mobilize the tungsten as did the much larger main body of the 
pluton. In addition to this, a sample of very fresh plutonic 
rock from the Thrasher mine, which contains the greatest quantity 
of scheelite observed in the area, contained only 6 ppm tungsten. 
This uneven distribution accounts in part, for the uneven distri-
bution of scheelite. For a brief description of the rocks 
analysed for tungsten, see Appendix 2.
The formation and distribution of scheelite in the Stormy 
bay mining area therefore depends on:
1 ) a source of tungsten, which is distributed unevenly 
throughout the contact area of the pluton,
2) a source of calcium, provided in part by pyroxene and 
plagioclase, and
5) the physical properties of the wallrock and the morphology
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of the contact and the tactite which the wallrock helps create.
As has been illustrated v/ith photomicrographs the association 
of scheelite with some calcium silicate minerals is somewhat am-
biguous, but nevertheless suggests that scheelite can form from 
the decomposition of diopside-hedenbergite and calcic plagioclase. 
Sphene may provide a site for nucleation of scheelite.
As long as there is a source of tungsten, a source of calcium, 
(provided in part or wholly by calcium silicates), and a mechanism 
for mobilization and introduction of tungsten to that calcium 
source, scheelite can be precipitated.
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PART II: LABORATORY INVESTIGATION OF SCHEELITE FORMATION
Introduction
The purpose of the laboratory work is to investigate possible 
reactions of a tungsten source with calcium silicate minerals of-
ten associated with scheelite in tactites.
Because of the common association of scheelite with several 
calcium silicates, e. g. pyroxene (diopside-hedenbergite), gros- 
sularite-andradite garnet, and calcic plagioclase, it is probable 
that these minerals in tactites were decomposed by late hydrother-
mal solutions so that calcium was released and was made available 
for combination with tungsten for the formation of scheelite.
These decomposition reactions would necessarily be retrograde pro-
cesses, as the tungsten solutions are introduced during the later 
stages of contact metamorphism, during the period after the maxi-
mum temperature had been reached and cooling had commenced.
That scheelite is such a late stage mineral is shown by its 
association with other late stage minerals, notably sulfides,
Buseek (1967) shows that scheelite crystallized after the cessa-
tion of crystallization of garnet, pyroxene, amphibole, and molyb-
denite, and during the start of crystallization of pyrite. These 
earlier-formed minerals, then, would be available for participation 
in scheelite-forming reactions.
This study therefore involves the combination of several cal-
cium silicates (ana, in later experiments, calcite) with a tung-
sten source, and the determination of the reactions involved in 
the production of scheelite and transformation of calcium sili-
cates into other products.
Comparison is na de of the laboratory results with field evi-
dence to ascertain the validity of those results in the natural 
environment.
Little direct laboratory work has been performed on the schee- 
lite-calcium silicate relationship, although a large quantity of 
speculation based on field relationships has been done.
Kerr (19^6) noticed the common association of scheelite with 
a variety of calcium silicates in tactites. He also observed the 
affinity of tungsten for calcium, as in scheelite, over iron, as 
in ferberite, as both metals are abundant in tactite deposits but 
only scheelite usually occurs in tactite deposits. Humphrey 
(1958) also linked scheelite to calcium silicate minerals, describ-
ing these minerals as "host" minerals for scheelite. Buseck 
(1967) and Barabanov (1971) and others have noted this same rela-
tionship.
Transportation of tungsten in hydrothermal solutions was ex-
plored by Lovering (19^1), and later by Bryzgalin (i960) who post-
ulated the existence of complex metatungstates such as
_2
Na^H, (H_(W_0_)..) •nH_0 carried in acid solutions, and WO. carried 
o h- 2 2 7 o 2 ^
in weak alkaline solutions. Li and Wang (1955) studied the solu-
bility of tungsten in solutions of varying pH's and compositions 
and found that a tungsten hydrate (a decomposition product of
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schselito) is readily dissolved by alkaline carbonate solutions 
(this type of solution, then, may be a possible transporting 
agent for oungsten in a contact metamorphic and metasomatic en-
vironment with calcareous sediments and a plutonic rock). Bara-
banov (1971) explored the pH-related stability of complex tungsten 
ions. He concluded that since scheelite is concentrated in pyrox-
ene— plagioclase tactites rather than in tactites containing much 
calcite, scheelite must be carried in alkaline solutions. Schee-
lite would be precipitated from these solutions (in the presence 
of calcium) only if the pH were lowered. Calcite can not accom-
plish this but the reaction of the solutions with plagioclase and 
pyroxene would lower the pH through fixation of the alkalic ele-
ments by albitization and sericitization of plagioclase, and 
amphibo'litization of pyroxene.
Bryzgalin (1958) noted that scheelite-bearing tactites are 
generally rich in acid plagioclase, and that scheelite may often 
occur in albitized portions of granodiorite plutons, and concluded 
also that the tungsten-carrying fluids were alkaline. He also 
performed experiments at 350°-500°C and 250 to 600 atm in which 
alkalic tungsten-bearing solutions reacted with calcdc plagioclase 




The five calcium silicate minerals used in experiments were 
wollastonite, sphene, diopside, hedenbergite, and calcic plagic- 
clase (labradorite). The wollastonite, sphene, and labradorite 
are natural minerals and were purchased through David New Minerals 
of Providence, Utah. Diopside was from an analysed natural sample 
from Pennsylvania State University. Hedenbergite was synthesized 
in the laboratory from an oxide mix of the appropriate composition 
(see Appendix 3)- In some of the experiments calcite from the 
Mackay School of Mines working museum was used. In addition, 
scheelite, in the form of a pure sample obtained from Dr. L. C. 
Hsu, and a chemically precipitated sample (see Appendix 3) was 
also used.
The sample of wollastonite was a large mass of white fibrous 
crystals which also contained a small amount of brown grossularite 
and green pyroxene.
The sample was broken up with a hammer. Small pieces were 
selected and crushed and any garnet or pyroxene in these small 
pieces was chipped away. The pure pieces of wollastonite were 
then crushed to a powder, seived through -200 mesh, washed, dried, 
and run through a Frantz Isodynamic magnetic separator to remove 
any pyroxene or other impurities still present. The powder was 
then x-rayed and studied microscopically to confirm purity.
Sphene was in the form of dark brown crystals and crystal 
fragments with pink feldspar, biotite, quartz, and magnetite. 
These crystals were separated from the other minerals by crushing 
and chipping, and the sphene was then crushed and screened as be-
fore. A hand-held magnet was used to separate the more magnetic 
particles and the remainder was washed, dried, and run through 
the isodynamic separator. This portion was then x-rayed and ob-
served microscopically.
Diopside was a pure natural sample of green powder obtained 
from Pennsylvania State University. Its chemical analysis was 


























This was also x-rayed and studied microscopically to be sure 
of its purity.
The labradorite (about An,_2 determined by refractive indices) 
was a dark gray mass showing twin striations on some crystal faces. 
Labradorescence was observed in some areas. Impurities consisted 
of sulfides and a dark green araphibole. These were separated as 
with the minerals previously described. Even the small crushed 
and screened particles of labradorite were found to contain minute 
hexagonal brown plates of a magnetic mineral, and it was thus 
necessary to run the powder through the isodynamic separator three 
or more times before the sample was considered pure enough (by 
microscopic examination) to use in experiments. In the sample 
used, a few of the hexagonal plates were present, but were consid-
ered to be in amounts so small as not to affect the experiments.
Calcite used was obtained from an "Iceland Spar" crystal 
from the Mackay School of Mines working museum. The sample was 
to begin with pure, and no inclusions could be seen in the chips 
used. These chips were powdered, washed, and screened as before, 
and were then observed microscopically and x-rayed.
The sample of natural scheelite was x-rayed and viewed micro-
scopically, and the chemically precipitated scheelite, though 
pure, was x-rayed to assure good crystallinity through heat treat-
ment of the precipitate at about 800 C.
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The synthesized hedenbergite was x-rayed and studied micro-
scopically. Although small portions of reactants remained, they 
were not in large enough quantity to affect the experiments.
Quartz used in some of the experiments was obtained from a 
large crystal fragment found in the lab. It was crushed, screened 
and washed, and was then observed microscopically and x—rayed to 
assure purity.
Methods and Apparatus
Conventional hydrothermal techniques were adopted in the ex-
periments. The starting materials, together with an appropriate 
amount of distilled water or a mixture of silver oxalate (Ag^C^O^) 
were placed in silver capsules. If oxalic acid was
used, the mixture of starting materials was put in a Ag^.-Pd,.. 
capsule. Arc-welding of the capsules was accomplished by first 
crimping the ends of the capsules in a vice which resembled the 
head of a lathe, and then sealing the crimped ends with a Model 
AC-11B Arc Sealing Unit from Tern-Press Research, Inc.. The capsule 
was then placed in the pressure vessel (1" outer diameter, 
inner diameter, and 8" long, made of Rene 41) which was then 
sealed and connected to the pressure system. Before heating the 
pressure was increased to about 2kb to check for leaks. Pressure 
was applied with distilled water by an SC Hydraulic Pump (Model 
No. 10-600). Pressure throughout the experiments was monitored 
by Astra Gauges which were accurate to of full range (75000 psi), 
from Astra Products. The Astra Gauges had been previously cali—
brated in increments of .5 kb by a Heise Gauge (Model CM-9593) 
from the Heise Bourdon Tube Co.
After checking for leaks, the pressure was then lowered and 
the pressure vessel was inserted into a Lindberg type 55070-S 
Tube Furnace. Heating of the furnaces was controlled by Series 
676 Temperature Controllers from Electronic Control Systems, and 
the temperature of each furnace was monitored by chromel-alumel 
thermocouples connected to a Honeywell Electronic 15 Multipoint 
Precision Indicator. Thermocouples were inserted into a small 
hollow in one end of the pressure vessels, near the capsule. 
During each run, the temperature was periodically checked. It 
is estimated.that, after initial stabilisation, the temperature 
was monitored and controlled to within an accuracy of + 5°C.
At the end of a run the pressure vessel was removed from the 
furnace and was immediately subjected to a stream of compressed 
air while the pressure was maintained constant by the hydraulic 
pump. The pressure vessel was usually cooled to room temperature 
or slightly above before the distilled water was slowly bled off 
to reduce pressure. The pressure vessel was then disconnected 
from the pressure system and the capsule containing the products 
was removed and weighed to determine if the capsule had leaked. 
The capsule was then opened and dried, and the contents were re-
moved and examined microscopically and by x-ray diffraction. The 
x-ray equipment used for the analysis of the products was a Norel— 
co diffractometer. Cu K radiation was used, with a time constant 




The experimental results are presented by sections. In each 
section a specific calcium silicate mineral and the nature of its 
reaction with tungsten to produce scheelite are discussed. Then 
follows a section discussing results of experiments with COp and 
COp-HpO environments which involved calcium silicates and, in a 
later series of experiments, calcite. The tabulation of expez'i- 
mental reactants, conditions, and products (not including some 
experiments which were completely unsuccessful or were not per-
tinent to the results discussed here) is given in Table 3* Ex-
periments were conducted in 1 kb fluid pressure. (However, six 
experiments were conducted at 2 kb, and four were conducted at 
1.5 kb in an attempt to keep the capsules from bursting during 
some of the runs with high P„ environments. This did not affect 
the experimental outcome and was unsuccessful in preventing the 
bursting of some of the capsules, and was soon discontinued.)
TABLE 3
Experimental Results
Sch = scheelite; Wol = wollastonite; Qtz = quarts; Crist = cristo- 
balite; Di = diopside; Ta = talc; Sph = sphene; Ana = anatase;
Rut = rutile; Plag = plagioclase; Hed = hedenbergite; Fer = fer- 
berite; Mag = magnetite; Cal = calcite; Ox = oxalic acid; AgOx r= 
silver oxalate.
(Time is in hours. Minor amounts of materials are represented 
in parentheses. Numbers after "Ox" indicate milligrams used.)
RUN REACTANTS TIME T(°C) P(kb) PRODUCTS
W-1 Wol, Qtz, HpWO^ 69 500 1 Sch, Qtz, Wol









W-0-2 Wol, * 2 %
, 0x-10
W-O-3 Wol, H2W°4 , 0x-20





WW-O-1 Wol, wo3 , 0x-10
WAg-1 Wol, wo3 , AgOx
WAg-2 Wol, wo3 , AgOx
WAg-3 Wol, wo5 , AgOx
WAg-4 Wol, wo3 , Ag0x~H20
WAg-5 Wol, wo3 , Ag0x-H20
WAg-6 Wol, wo3 , Ag0x-H20
WAg-7 Wol, wo3 , Ag0x-H20





D-4 Di, H WO^ 
5Di, 3W03
TIME T(°C) P(kb) PRODUCTS
168 600 1 Sch, Qtz, (Wol)
216 600 1 Sch, Qtz, (Wol)
169 600 1 Sch, Qtz, (Wol)
186 300 1 Sch, Crist, Wol, WO
3
190 500 1 Sch, no Cal
.163 500 1 Sch, no Cal
97 500 1 Sch, no Cal
136 600 1 Sch, (Cal)
211 500 2 Sch, (Cal)
303 300 2 (Sch), WO,, no Cal 
5
311 500 1 Sch, (Cal)
336 500 1 (Sch), W03 , (Cal)
336 500 1 Capsule burst
336 500 1.5 Capsule burst
336 500 1.5 Capsule burst
16? 500 1 Sch, (Cal)
167 500 1 Sch, (Cal)
642 500 1 Capsule burst
434 500 1 (Sch), W03, (Cal)
123 500 1 Sch, Di, W03 , Qtz, Ta
166 600 1 Sch, (Di), WO , Qtz, 
Crist, Ta *
193 600 1 Same as D-2
194 400 1 Sch, Di, WO , Qtz, Ta 
Crist ^
309 300 1 (Sch), Di, W03> Crist
210 500 1 Sch, Di, Ta, WO Qtz 
5BT-1
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RUN REACTANTS TIME T(°C) P(kb) PRODUCTS
D-O-1 Di, H2W0i+, Ox-10 166 500 1 Sch, no Cal
D-0-2 Di , HnWO^, Ox-20 97 500 1 Sch, no Cal
D02-2 D-0-2 products 6 if 2 500 1 Sch, (Cal)
D-O-3 Di, H WO,, Ox-30 
2 4 97 600 1 Sch, (Cal)
D-0-*f Di, H^WO^, Ox-30 211 300 2 Sch, (Cal)
DWO-1 Di, WO^, Ox-10 263 600 1 Sch, no Cal
S-1 Sph, H2WO/f 123 500 1 Sch, Sph, WO , Ana, 
Crist ^
S-2 Sph, H2W0/f 166 600 1 Sch, Sph, WO,, Ana,Qtz
S-3 Sph, h 2w o^ 238 *fOO 1 Sch, Sph, WO Ana, 
Crist ^
S-2-2 S-2 products 1*f2 700 1 Sch, Sph, Qtz, Rut
S-k Sph, H2W0if 219 300 1 Sch, Sph, Qtz, Crist, 
Ana, WO^
S-5 Sph, H^VO^ 235 300 1 Sch, Sph, Qtz, Crist,
Ana, WO,
3
S-O-1 Sph, H2V/0i+, 0x-20 l6*f 500 1 Sch, no Cal
S-0-2 Sph, H2W0v  Ox-30 71 600 1 Sch, no Cal
S-0-3 Sph, K2W0i+, 0x-30 212 500 2 Sch, (Cal)
S-0-*f Sph, H2W02f, Ox-30 303 300 2 Sch, no cal
SWO-1 Sph, WO , 0x-10 
3
311 500 1 Sch, (Cal)
P-1 Plag( An— ), 
Na2W°4
286 600 1 Sch, Plag(An^^) ,Na2V/0̂
P-2 Plag(An^2), 
Na2W0I(*2H20
**79 650 1 Sch, Plag(An2?),Na2W0Zf
P-O-1 Plag(Anjp ), Qtz, 210 600 2 Sch, Plag, Na2'W0̂ ,
Na2W04*2H20, Ox-30 (Cal)
PN-1 Plag(An^2), 1395 650 1 Sch, Plag(An22) zoned
Na^WO^, Qtz
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RUN REACTANTS TIME T(°C) P(kb) PRODUCTS
PM-2 Plag(An52), 
Na2W0v  Qtz
1251 boo 1 Sch, Plag(An33)
PN-3 Plag( An,--, ) ,
Na^WO^, Qtz-excess
1^86 650 1 Sch, Plag(An^g), Qtz
HW-1 Hed, wo3 , 0x-20 Gbb 500 1 Sch, (Per), Qtz, Hed, 
Mag
HW-2 Hed, HWO^ , 0x-20 Gbb 300 1 Sch, Fer, Qtz, Hed, 
Mag
HW-3 Hed, .5W03, 0x-20 Gbb 500 1 Sch, Mag, Qtz
HW-4 Hed, 3W0 , 0x-20 Gbb 500 1 Sch, (Fer), Qtz, Hed, 
Capsule burst
HV/-5 Hed, wo3 , 0x-20 Gb5 *fOO 1 Sch, Fer, Crist
HW-6 Hed, 2W0_
3
, 0x-20 Gb5 *fOO 1 Sch, (Fer), unreacted 
material: capsule 
burst
CAL-1 CaL, wo5, AgOx b2G 600 1 Scheelite produced
CAL— 2 Cal, wo3 , AgOx bzG 600 1 Scheelite produced
CAL-3 Cal, wo3 , Sch, AgOx ^31 *fOO 1 Scheelite produced
CAL-k Cal, wo3 , Sch,AgOx 431 500 1 Capsule burst
CAL-5 Cal, wo3 , Sch,AgOx 430 300 1 Minor Sch produced
CAL-7 Cal,
AgOx
wo3 , Sch(Tr) 300 1 Capsule burst
CAL-8 Cal,
AgOx
wo3 , Sch(Tr) 771 325 1 Capsule burst
CAL-9 Cal,
AgOx
wo3 , Sch(Tr) 771 375 1 Capsule burst
CAL-10 Cal,
AgOx
wo3 , Sch(Tr) 670 325 1 Mo Sch, (run too short)
CAL-11 Cal,
AgOx
wo3 , Sch(Tr) 670 375 1 No Sch (run too short)
CAL-12 Cal,
AgOx
wo3 , Sch(Tr) 666 350 1 No Sch (run too short)
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RUN REACTANTS TIME T(°C) P(KB) PRODUCTS
GAL-13 Cal, WO y Sch(Tr) 666 ^25 1 Capsule burst
CAL-I^t Cal,
AgOx
wo3 , Sch, H20- 503 500 1 Completely Sch
CAL-15 Cal,
AgOx
wo3 , Sch, H20- 671 *+00 1 Completely Sch
CAL-16 Cal,
AgOx
wo3 , Sch, H^O- 10S0 300 1 Sch produced
CAL-17 Cal,
AgOx
wo3 , Sch, H O -  1080 200 1 Sch produced
CAL-19 Cal,
AgOx
wo3 , Sch, H20- 716 300 1 Capsule burst
CAL-20 Cal,
AgOx
wo5 , Sch, H20- 719 350 1 Capsule burst
CAL-21 Cal, wo3 , Sch,AgOx 139^ 350 1 Produced Sch
CAL-22 Cal, wo3 , Sch,AgOx 1395 *f00 1 Produced Sch
CAL-23 Cal, wo3 , Sch,AgOx 1395 500 1 Produced Sch
CAL-2*f Cal, wo3, Sch,AgOx 1396 500 1 Produced Sch
CAL-26 Cal,
AgOx
wo3 , Sch,H20- Iif82 koo 1 Completely Sch
CAL-27 Cal,
AgOx
v;o5 , Sch,H20- 1^83 k30 1 Completely Sch
Wollastonite-Scheelite
Equimolar proportions of wollastonite and HoW0^ were mixed 
thoroughly for the experiments. It was found that the wollaston-
ite and the KnWO;, produced scheelite by the reaction:
CaSiO + H WO. = CaWO, + SiO + HO.
Wol J Sch
82
Because of the high reactivity of wollastonite the reaction 
was quite rapid and easily produced many nuclei of scheelite which 
grew rapidly with time as evidenced by the difference in grain 
sizes between the shortest (137 hours) and longest (186 hours) 
runs. The temperature, which ranged from 500° to 600°C was found 
to affect only the kinetics of the reaction. Scheelite was pro-
duced at all temperatures run within this range (considered to be 
the approximate interval to be expected during contact metamor-
phism and scheelite formation. See Krauskoph, 1957). But the 
reaction proceeded faster at the higher temperatures, and was 
rather slow at 300°C.
In runs of short duration (or lower temperature) the scheelite 
appears under the microscope as small grains coating the unreacted 
wollastonite fragments. With increasing time the reaction ran al-
most to completion and scheelite and SiO^ (as both quartz and met-
astable cristobalite) with a few corroded grains of Wollastonite 
were produced. There appeared, therefore, to be no "armoring" of 
wollastonite by scheelite, which would have halted the reaction 
after a short time.
Additional runs were made in which quartz v/as introduced with 
the reactants (as there would be excess quarts expected in the 
contact metamorphic environment). The excess quartz had a slowing 
effect on the reaction but scheelite was produced nevertheless.
Scheelite produced in the experiments was granular and anhed- 
ral. Only once were relatively large crystals produced, and in 
light of results from other experiments, the small anhedral schee-
lite appears to be the result of the short duration of the experi-
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merits with wollastonite. Consequently numerous nuclei of schee- 
lite were produced because of the reactivity of wollastonite but 
were prevented from attaining large sizes with observable crystal 
faces. Figure 15 shows the products of the reaction with wollas-
tonite.
Figure 15. Photomicrograph of grain mount of scheelite and wol-
lastonite produced at 500 C and 1 kb. (Oil index is 
1.5^4. Field of view is .35 mm across.)
Sphene-Scheelite
Sphene was used in experiments not only because it is a cal-
cium silicate often occurring in tactite deposits, but also be-
cause sphene, as an accessory mineral in intrusive rocks often 
contains a large amount of tungsten (Barabanov, 1971). Therefore 
sphene may contribute not only calcium to the formation of schee— 
lite in nature, but may contribute additional tungsten as well. 
The reaction with sphene was found to be:
CaTiSiOc + H_W0. = CaWO. + TiO + SiO + HO.
Sph 5 2 ^ Sch 4 Ana2
8if
This series of experiments was run at constant pressure of 
1 kb at temperatures of 300° to 600°C also. The duration of runs 
ranged from 123 to 238 hours. Sphene was much less reactive than 
wollastonite and consequently the reaction was never run to com-
pletion, and substantial amounts of reactants remained after all 
runs .
Scheelite was produced though in smaller amounts than in wol-
lastonite experiments. The SiO,, phase consisted of both quartz 
and metastable cristobalite. The TiO^ phase was anatase (see Fig-
ure 16). Anatase was considered to be metastable because upon 
heating the products of one run which had produced scheelite,
SiO^t and anatase to a temperature of 700°C for 1^2 hours, all 
of the anatase was converted to rutile.
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As with the wollastonite series of experiments, the sphene 
series was affected only kinetically by temperature. Scheelite 
was produced at all temperatures attempted in the experiments, the 
only response to temperature being an increase in reaction rate 
with increased temperature.
Scheelite formed from these experiments was in the form of 
small anhedral grains and again this was due presumably to inade-
quate time to allow larger euhedral crystals to form.
Diopside-Scheelite
The scheelite-producing reaction with diopside is given below.
3CaMgSi206 + 3H2W0/f = 3CaW0i+ + Mg^Si^O^COH^ + 2Si02 + 21^0.
Di Sch Talc
The products of this reaction were not originally predicted, 
except for scheelite. The diopside was mixed in a 1:1 molar ratio 
with tungstic acid. The initial reaction in this series of exper-
iments was run at 500°C for 123 hours at 1 kb. The products were 
found to be, as the above reaction shows, scheelite, talc, SiC>2 
as quartz and cristobalite, and H20. These products are seen in 
Figure 17.
The experiments with diopside were carried out at temperatures 
ranging from 300° to 600°C. Those above *f00°C all produced talc 
as one of the products. However, diopside proved at least as slow 
in reacting as did sphene, and therefore products were small as 
compared with remaining reactants in all experiments. Because of 
the slow reaction rate, the products of the runs carried out at
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300°c were minor and, except for scheelite, were very difficult to
identify. It is suggested that below approximately 350°C a new
hydromagnesian mineral, possibly sepiolite (Mg Si 0o-2H 0), is
2 3 o 2
formed rather than talc. This mineral was described in experi-
ments by Bowen and Tuttle (19^9) in the system Mg0-Si02-H20« A 
possible reaction for the production of scheelite and sepiolite 
is given below. Because of the slow reaction rates involved, this 
reaction was not investigated.
2CaMgSi206 + 2H2W0/f = 2CaW0lf + Mg2Si 0g*2H20 + SiO « 
Di Sch Sep ^
Another experiment was conducted using five parts diopside 
to three parts W0_ to determine if tremolite rather than talc 
would be a byproduct of a scheelite-producing reaction using these 
concentrations of the reactants, as tremolite-actinolite was found 
in the field area near pyroxene-scheelite contacts, while talc was 
not identified anywhere in the tactite zone. A possible equation 
for this reaction could be, in the presence of C02 and H20:
5CaKgSi206 + 3W03 + H20 = 3CaW0^ + 2SiC>2 + C a ^ g ^ i g O ^ C O H ) ^
Di Tr
which is a retrograde modification of the reaction:
23i02 + 3CaC0^ + Ca2Mg5Sig022(0H)2 = 5CaMgSi2C>6 + 3CC>2 + B^O, 
Ca Tr Di
found in Winkler (197^» p. 112)
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This run, carried out at 500°C for 210 hours, did not produce 
tremolite, however. It produced talc, as in the other experiments. 
Possibly in order to produce tremolite, a longer reaction time is 
needed or excess calcium must be present. (Evidently all of the 
calcium liberated by diopside in the experiment was taken up in 
the formation of scheelite and the reaction had not yet used all 
of the available tungsten, and thus no calcium was available for 
the formation of tremolite.)
Figure 17* Photomicrograph of products of the scheelite-forming 
reaction with diopside in a grain mount. Scheelite 
and unreacted diopside are clearly visible, with talc 
as small, barely visible platelets. (Oil index is 
1.5^. Field of view is .35 mm across.)
Scheelite produced in these experiments was in the form of 
small anhedral grains. Most of the unreacted diopside was coated 
with these small scheelite particles. Talc was in the form of 
very small hexagonal transparent platelets which were so thin that 
they appeared isotropic (see Figure 17) and were therefore identi-
fied only by x-ray diffraction.
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As in the series of experiments discussed previously, schee— 
lite was produced at all temperatures from 300°C to 600°C, and the 
reaction rate increased with increasing temperature. 
Hedenbergite-Scheelite
Because much of the pyroxene of diopside-hedenbergite solid 
solution associated with scheelite in tactites is actually com-
posed mostly of hedenbergite (CaFeSi^O^) rather than diopside, it 
was decided to investigate the reaction of a tungsten source with 
pure hedenbergite.
The composition of hedenbergite theoretically allows for the 
possibility of the formation of two tungsten minerals: scheelite 
(CaWOj ) and ferberite (FeWO^), an end member of the wolframite 
series of (Fe,Mn)WO^. However, scheelite is by far the most 
abundant tungsten ore in contact metamorphic deposits, even though 
the pyroxene usually contains over 50?6 of the hedenbergite mole-
cule. The tungsten appears to have an "affinity" for calcium 
under natural conditions, as suggested by Kerr (19^6)*
Accordingly, in the experiments with hedenbergite, tungstic 
oxide (V/0^) was mixed with synthetic hedenbergite in the molar 
proportions of; Hedenbergite:W0_ = 2:1, 1:1, 1:2, and 1:3* An en-
vironment of C02 :H20 = 1:1 was provided in these experiments by 
oxalic acid. This was to approximate (as will be explained more 
fully later) the high Pco conditions to be expected during the 
decarbonation reactions involved in tactile formation (Bowen,
19^0).
Experimental results supported the supposed affinity of tung-
sten for calcium. The runs were carried out at kOO and 500 C.
89
In only one run was the amount of ferberite approximately equal to 
that of scheelite (a run of hedenbergite:W0^ = 1 :2) and in all 
other runs scheelite was clearly present in greater amounts, es-
pecially in the Hed.-WO^ = 2:1 run, where almost all scheelite and 
no ferberite was produced. In runs where mostly scheelite was 
produced, the hedenbergite was converted to magnetite or to a 
combination of magnetite and ferberite. In runs where the ratio
of hedenbergite:WO, was 1 :1 the reaction was deduced to be:2
3CaFeSi206 + 3W0, + }&2 = 3CaW0if + Fe.,0̂  + 6Si02? 
Hed Sch Mag
with some leftover hedenbergite.
Where the amount of hedenbergite was exceeded by the amount 
of V/0^ , where approximately equal amounts of scheelite and ferber-
ite were produced, the reaction was:
CaFeSi20^ + 2W0., = CaWO^ + FeWO^ + 2Si02»
Hed Sch Fer
Plagioclase-Scheelite
Because the reaction with plagiclase (An^p) to produce schee-
lite involved substitution rather than decomposition, this reac-
tion was the slowest. Scheelite was produced though not in great 
quantity, at temperatures of A-00 C, 600 C, and 650 C.. Na2W0^ was 
used in the starting materials for these experiments rather than 
H2W0^ to provide sodium for the substitution reaction, which was:
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(Ca.5Na.5)A1 'i.5Si2.5°8 + 1̂Na2W0lf + 2Si02 = J4CaWOih + 3/2NaAlSi^0o.
Lab Sch Ab
Reactants which were heated to the highest temperatures pro-
duced the largest amount of scheelite. Scheelite produced from 
the albitization of plagioclase occurred as granules and as eu- 
hedral grains which were larger than those produced in runs using 
other calcium silicates (except possibly for wollastonite), as 
shown by Figure 18. This was due to the higher temperatures in-
volved, and also to the slow rate at which calcium was replaced 
by sodium in the plagioclase structure. Plagioclase as seen in 
Figure 18 was not corroded. Instead the structure remained in-
tact while sodium replaced calcium. The slow reaction rate 
resulted in a slow nucleation rate possibly due to the substitu-
tion kinetics involved. The few nuclei produced received schee-
lite as it was produced and over the long duration of these ex-
periments, grew to relatively large sizes with observable crystal 
faces.
The calcium reduction in plagioclase was quite marked in most 
runs, ranging from a reduction of about 8% at 600°C and a dura-
tion of 286 hours, to about 36% at 650°C and a duration of 1^86 
hours. In one of the longest runs the plagioclase fragments were 
normally zoned, though the compositional range could not be deter-
mined.
The products of this series of experiments were usually 
identified by microscope only, as the x-ray pattern of plagio-
clase was very complex, and it was difficult to separate the
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Figure 18. Photomicrograph of the products of a reaction v/ith 
plagioclase which was conducted at 650°C for 1395 
hours. The plagioclase shown here is approximately 
22% anorthite in composition. (Oil index is 1.5^. 
Field of view is ,35 mm across.)
various phases of the products from each other in the pattern.
CO,, and CO^-K^O Environments
Runs were made with each of the calcium silicate minerals 
discussed above in high-CO^ or CO^-H^O environments. This was 
done to observe the effect CO2 would have on the production of 
scheelite, or the prevention of the production of scheelite in 
favor of the formation of calcite from the calcium and the CO^.
In areas of contact raetamorphism of a limestone or dolomite, 
large amounts of CO,, would be liberated from the decarbonation 
reactions involved in the transformation of the carbonate minerals 
into calcium silicates. The environment in which scheelite is 
naturally produced would therefore contain a high P ^  which 
would be capable of affecting subsequent mineral reactions. It is
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therefore possible that in nature, during the maximum or post 
maximum falling temperatures while scheelite is forming by retro-
grade decomposition of the calcium silicates, original carbonate 
minerals may form through recarbonation reactions.
In these experiments, however, calcium showed a much stronger 
tendency to combine with the tungstate ion rather than with the 
carbon dioxide. Much difficulty was encountered in these experi-
ments with capsules rupturing from too great pressures. Short 
summaries of the results of these experiments with each of the 
calcium silicates are presented below.
High-C02 environments in these experiments were obtained with 
either oxalic acid or silver oxalate (Ag^C^O^).
Oxalic acid decomposes at temperatures above 150°C or 200°C to 
produce C0_,, H^O, and (Holloway and others, 1968). The reac-
tion involved is:
C2H20if*2HQ0 = 2C02 + 2H20 +
provided that the II2 is able to diffuse out of the capsule. 
Agr^Pfi^Q capsules, which are permeable to H,, above 300°C to 500°C, 
were used for this purpose.
Silver oxalate decomposes to C02 and a platey globule of sil-
ver upon heating. Either oxalic acid or silver oxalate was packed 
at one end of a capsule in these experiments. The oxalic acid 
decomposed entirely, so there was no problem separating it from 
the products at the end of the experiments. Silver remaining 
from the decomposition of silver oxalate remained packed at the
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end of the capsules and did not mix with the products, so there 
was no need to separate oxalic acid or silver oxalate from the 
reactants by using an inner capsule.
Wollastonite
In experiments using oxalic acid to produce CC^-H^O environ-
ments, the production of scheelite was slowed but not prevented.
In only a few of the runs in this series was calcite produced, 
and it was always in much smaller amounts than the amount of 
scheelite produced. In later experiments silver oxalate was used 
with or without water. When used with water, amounts were employed 
which produced CO^f^O ratios of 1:1, and 2:1. These experiments 
produced the same results as before - scheelite was still pro-
duced, with the only change being that the reaction was somewhat 
slower than reactions in which only H^O was present. These exper-
iments were also carried out within a temperature range of 300° to 
600°C.
Sphene
Oxalic acid was used in a short series of experiments with 
sphene. The reaction rate was slowed by the presence of CO^i ^ut 
still scheelite and anatase were produced. The size of the schee-
lite granules appeared smaller than usual. Only trace amounts of 
calcite were observed in two of the experiments.
Diopside
Oxalic acid was used in a number of experiments with diopside 
and in a few cases minor amounts of calcite were formed but always 
far subordinate to the amount of scheelite produced. No dolomite 
was identified with certainty.
9^
Hedenbergite
As noted previously, all experiments with hedenbergite were 
run in a CO^-H^O environment provided by oxalic acid. In all 
these runs scheelite was produced, and in all but one experiment, 
ferberite was also produced at the expense of hedenbergite. No 
calcite was identified in any of the experiments, and the CCL, 
seemed to have as little effect on the reaction as in any of the 
other series of experiments.
Plagioclase
Runs made with labradorite, sodium tungstate, and oxalic 
acid produced scheelite and also calcite. However, the amount of 
calcite was always minor compared to that of scheelite. The main 
noticeable effect of the presence of CO^ was the further slowing 
of an already sluggish reaction.
Calcite-Scheelite
In these experiments calcite decomposed in the presence of
CaCO, + WO, = CaWO. + C0_.
3 3 * d
This reaction in the presence of large amounts of CC>2 was 
studied extensively in order to determine the effect of CO^ and 
C0,)-H?0 mixtures on the production of scheelite.
Equimolar amounts of calcite, WO^ and scheelite were put in 
a capsule along with enough silver oxalate to produce twice as 
many moles of CC^ as there were moles of calcite present. The 
reactants and products of each run were x-rayed to determine the
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direction of reaction. Much difficulty was encountered with cap-
sules rupturing but gradually enough experiments were completed 
successfully to show that scheelite and CO^ were forming from the 
decomposition of calcite at temperatures from 200°C (very slow in 
reacting) to 600 C, at a pressure of 1000 bars, even in the 
presence of only CCL, with no water.
In some of the runs at higher temperatures (500° to 650°C) an 
amorphous quench phase was commonly observed in small quantities 
with the rest of the products. The refractive index of the quench 
phase in run PN-1 (650°C, 1 kb) was 1.^92.
Experimental Results vs Petrographic Observations
In this section the results of each of the series of experi-
ments previously outlined are compared to petrographic textures 
and contact relationships to determine whether or not they are 
geologically applicable. Because of the simplified nature of the 
laboratory experiments, some results do not exactly coincide with 
parageneses observed in the field, although explanations are sug-
gested for some of these variances. These simplicities in the 
experiments can be summarized as : 1 ) chemical simplicity; 2) sol-
ution pH control; and 3) the form that tungsten used in experi-
ments was in as compared to tungsten in natural solutions. The 
experiments employed only two or three reactants as starting 
materials in any run, while in a tactite zone there are many dif-
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ferent minerals in the environment, any number of which could 
conceivably affect scheelite-producing reactions. No control of 
pH of solutions in the experiments was attempted, so it is unknown 
what effect pH has on the formation of scheelite under experimen-
tal or natural conditions. Also the forms tungsten was in for ex-
periments may differ considerably from the ionic form(s) in which 
tungsten is transported in natural solutions. Any or all of 
these differences between the experiments and natural conditions 
may contribute to differences between experimental results and 
petrographic observations.
The wollastonite series of experiments is not discussed here 
because, although wollastonite was found in the field area, it was 
far removed from any scheelite, and thus could not have participa-
ted in the formation of scheelite, at least not in the area stud-
ied. This does not preclude the association and possible petro- 
genetic significance of wollastonite-scheelite relationships 
in other areas of contact metamorphism. According to Barabanov 
(1971) the association of scheelite and wollastonite would not be 
a common one because wollastonite is usually associated with cal- 
cite. The calcite and wollastonite would not be capable of reac-
ting with the already alkaline solutions carrying the tungsten, 
and, consequently no calcium would be made available, and also 
the pH of the solutions would not be lowered to cause the precipi-
tation of scheelite.
In certain areas of the tactite zone investigated, sphene is 
a common constituent and is also very often in contact with 
scheelite grains. The scheelite frequently partially or completely
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encloses sphene crystals (see Figures 11 and 12). However, in 
no case does the sphene appear to be decomposing to form the 
scheelite, and there are no alteration products such as rutile or 
anatase present as were observed in laboratory experiments. The 
sphene crystals all appear to be relatively inert, as evidenced 
by the consistent euhedral or subhedral forms of the sphene crys-
tals. From these observations it does not appear that scheelite 
forms from the decomposition of sphene under natural conditions, 
at least under the conditions that were in effect during tactite 
formation in the area studied. Nevertheless the common occurrence 
of these two minerals indicates that sphene may yet be involved 
in the nucleation of scheelite, either by providing some tungsten 
to the process itself, or by posssessing some favorable surface 
physical conditions for nucleation and subsequent scheelite growth.
Scheelite in contact with pyroxene of the diopside-heden- 
bergite series was the most common ore-calcium silicate associa-
tion observed in the thesis area. Scheelite appears to have 
grown during and after the growth of pyroxene, as each mineral 
can be found as inclusions in the other, often in the same sample 
(see Figures 7, 8, and 9). The textural relationships between 
scheelite and pyroxene often suggest that scheelite may have 
formed partly from the decomposition of the pyroxene. The "host" 
pyroxene is often concave along the contact with scheelite, as 
if the scheelite has "taken a bite" out of the diopside (Park and 
MacDiarmid, 1970). Also the simple frequency of association sug-
gests the same conclusion - scheelite is forming at the expense 
of pyroxene. However, the same reaction products formed in the
laboratory experiments (i. e. talc) are not found in any of the 
field associations. This discrepancy is thought to be caused by 
the differences between the simplified chemistry in the laboratory 
conditions and the more complex natural environment. Tremolite- 
actinolite, which was found near scheelite-pyroxene contacts, may 
instead be the byproduct of a scheelite-producing reaction with 
pyroxene, as was noted earlier*. The addition of excess calcium, 
a longer run time for the experiments, or the addition of a trace 
of tremolite (as tremolite may not have as strong a tendency to 
nucleate as does talc) to the starting materials in the experi-
ments with diopside may be necessary to produce scheelite and 
tremolite in the laboratory.
In a few cases calcite is in contact with scheelite or diop-
side where the two latter minerals are in contact, although it is 
in very small quantities. This may be analogous to the scheelite 
and minor calcite products of some experiments with diopside in 
COp-rich environments, and may indicate that at least a local 
high-CO^ condition prevailed during the formation of scheelite.
Of all the textural relationships observed in thin sections 
the contact relationship of scheelite and diopside-hedenbergite 
pyroxene was the most persuasive evidence of a scheelite-producing 
calcium silicate-tungsten reaction.
The amount of tungsten introduced into the tactite was always 
in much smaller amounts than the available pyroxene, and as shown 
by experimental results, an approximately equal amount of tung-
sten and pyroxene or even an excess of tungsten are required for 
the tungsten to combine with available iron to form ferberite
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after scheelite has formed. The tungsten was entirely taken up 
with calcium first, and therefore, even though the pyroxene was 
rich in the hedenbergite molecule, no tungsten remained after 
scheelite formation to produce ferberite from the available iron.
There were fewer contact relationships between scheelite and 
plagioclase than with pyroxene or sphene. Occasionally where 
scheelite was found in contact with plagioclase the An content of 
the plagioclase was found to be slightly lower than for plagio-
clase in unaltered parts of the pluton, suggesting that the plagio-
clase had lost some of its calcium to the formation of scheelite. 
Also in some cases the twin lamellae of the plagioclase in contact 
with scheelite were bent and pinched out as if by growth pressure 
from the scheelite. However this structure was ambiguous, as the 
strained lamellae could have been produced by the force of the 
intrusion. The amount of reduction of calcium in the plagioclase 
crystals seen was too small to account for all the scheelite in 
contact with them, but plagioclase may have contributed some of 
the calcium, with the rest of it coming from other sources. A 
systematic decrease in An content of plagioclase in tactite might 
lead to the site of scheelite formation and therefore serve as 
a tool for exploration of tungsten deposits, although for small 
deposits as at the Stormy Day mining area, this is a very local-





The consistent formation of scheelite at all temperatures 
from all of the calcium silicate minerals studied, even in the 
presence of large amounts of CO^ indicates that at least under the 
simplified laboratory conditions, scheelite may form at any tem-
perature to be expected during contact metaraorphism by a grano- 
diorite or granitic body which intrudes calcareous sediments.
The controlling factor in the formation of scheelite appears to be 
the source of tungsten in the intrusive body and calcium in the 
wallrock.
Petrographic evidence from the tactite in the area studied 
supports the role of the two calcium silicates diopside-hedenber- 
gite and calcic plagioclase as sources of calcium for the forma-
tion of scheelite, and suggests that sphene may have a role in 
the nucleation of scheelite.
The patchy unpredictable occurrence of scheelite in this and 
most other scheelite deposits may be due to a combination of two 
factors: 1 ) the unavailability of tungsten in certain areas of
the tactite. This unavailability could be caused by the introduc-
tion of the large complex tungsten ions from the pluton into the 
tactite only along fracture zones, with little diffusion through 
solid unfractured rock. Also the unavailability of tungsten may 
be determined by the uneven distribution of tungsten in the pluton 
adjacent to the contact area, as indicated by tungsten analyses of
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plutonic rock obtained from the mines of the area. 2) The second 
controlling factor in the distribution of scheelite throughout 
a tactite zone is the nature of the wallrock adjacent to the plu- 
bon. The differences in contact metasomatic effects observed 
in marble and quartz-feldspathic sandstone wallrocks is remark-
able. In the former case, the tactite zones are sporadic and 
irregular in shape, while in the latter, solutions from the pluton 
were prevented from penetrating the wallrock and the result was 
the alteration of the pluton itself along the contact and a very 
regular distribution of scheelite, parallelling the contact.
Given the unpredictable occurrence of tactite and scheelite, 
a possible prospecting indicator for scheelite may be the An re-
duction in plagioclase.
In the presence of tungsten, an unusually high P„n may be
C02
necessary for the formation of calcite from calcium liberated 
from calcium silicates, instead of the formation of scheelite.
A large enough pressure may not be formed in the environment of 
the usually shallow intrusives associated with contact metamorph-
ism and tactite formation, as the average load pressure for gran-
itic intrusives is estimated by Winkler (197*0 to range from only 
200 to 2000 bars. P__ in most contact zones of limestone or dolo- 
mite may exceed this load pressure and cause fracturing of the 
rock allowing the CO,, to escape, and thus not be present in great 
enough quantities bo prevent the formation of scheelite.
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Artificially prepared x-ray standards -
In several of the rock specimens the CaO content was too great 
to be measured with the U.S.G.S. rock standards for x-ray fluor-
escence. In order to analyse these specimens for CaO, a series of 
standards of reagent grade oxides were prepared as follows. It 
was attempted to approximate the gross chemical content of the 
rocks analysed in order to minimize matrix effects in the pressed 
powder pellets.
APPENDIX 1
An 8 gm mixture of oxides was prepared from which to make a 
series of mixtures containing varying amounts of CaO. The 8 gm 
mixture consisted of: 60% SiO2
30% ai203*3H2o 
10% Fe20
To obtain 25% CaO: .5 gm CaO + 1.5 gm original mixture.
To obtain 30% CaO: .6 gm CaO + 1.if gm original mixture.
To obtain 35% CaO: .7 gm CaO + 1.3 gm original mixture.
To obtain ifO% CaO: .8 gm CaO = 1.2 gm original mixture.
These mixtures then had the following compositions:
1 2 5 if
CaO 25% 30% 35% ifO%
SiO_ci i+5
kz 39 36
ai2o3-3H2o 22.5 21 19.5 18
Fe2°3 7.5 7
6.5 6
These mixtures were then pressed into powder pellets for
x-ray fluorescence analysis
Tungsten analyses -
Ten samples of granodiorite were analysed by Skyline Labs, 
Inc. in the following manner. A 0.5 gram sample was dissolved in 
mixed HF-HNO^-HCIO^, taken to incipient dryness, and the residue 
was dissolved in sodium hydroxide solution. An aliquot of this 
solution is used in the standard potassium thiocyanate colorimet-
ric procedure.















SDM~1a. Fresh unaltered granodiorite found about k feet from 
the contact. The rock shows deformation from force of intrusion,
SDM-6b. Light colored barren altered granodiorite adjacent 
to the contact, and across the contact from garnet-pyroxene tac-' 
tite.
SDU-6. Slightly altered granodiorite found approximate 
10 feet from the altered portion of the granodiorite contair 
the continuous planar zone of scheelite and pyroxene.
SDTJ-7. Slightly altered granodiorite similar to SDU-6, 
Found about 20 feet from SDU-6 and about the same distance J 
the altered scheelite-bearing portion of the granodiorite.
SDU-7a. Slightly altered granodiorite similar to SDU~( 
and SDU-7. Found about 15 feet from SDU-7 and about 10 fee' 
the altered scheelite-bearing portion of the granodiorite.
SD^-7. Slightly altered granodiorite containing some ; 
veins. Found about 3 feet from contact between granodioriti 
marble.
SDA--10. Slightly altered granodiorite found at the co 
between granodiorite sill (about 50 feet thick) and a barre 
mass of garnet-pyroxene tactite containing light brovm garn 
and white to light green diopside-rich pyroxene.
LSDM-2. Altered granodiorite found about two feet fro 
tact between granodiorite and dark scheelite-bearing garnet 
oxene tactite.
LSDM-5. Slightly altered granodiorite found about two 
from contact between granodiorite and marble.
LSDM 12. Altered granodiorite similar to LSDM-2, four 
20 feet from LSDM-2 along the same contact.
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Preparation of synthetic scheelite and hedenbergite -
Chemical precipitation of scheelite was accomplished as
follows. Equimolar portions of Na»W0,-2H„0 and CaCl_ were dis-
d  Lr d  d
solved in distilled water in separate beakers. These two solu-
tions were then mixed and produced a precipitate of CaWO^ by the 
reaction:
APPENDIX 5
Na2W04-2H20 + CaCl2 = CaWO^ + NaCl (aq) + 2H20.
The precipitate was allowed to settle and the water was de-
canted. The precipitate was washed several times to wash any 
NaCl away. The sample was then dried and heat treated overnight 
to increase the crystallinity. This precipitate was then x-rayed 
to confirm crystallinity.
Chemicals were Baker analysed reagents.
For the synthesis of hedenbergite, CaO, Fe, and 3i0_, (in the 
form of cristobalite) were mixed in the ratio of 1:1:2. This 
mixture was sealed in a silver capsule and put in one of the tube 
furnaces for 2?9 hours at 725°C and 1 kb. At the end of this 
time, a small amount of the starting material remained, but not 
enough to affect the experiments.
